








good start, bright finish 


for Triangle copper tubing. Uniform grain size and scale-free surfaces, essential 
for high-production drawing of copper tubing, are achieved with three ‘Surface’ 
furnaces and a DX® gas generator at Triangle Conduit & Cable Co., New 
Brunswick, N. J, 


This 12,000 Ibs./hr. heat treat installation with automatic work handling is 
right in the production line. One of the furnaces heats billets for drawing 
the second continuously anneals tubing after initial drawing. 


It's the third furnace, a radiant tube-heated controlled-atmosphere roller 
hearth type, which shows best the advantages of this ‘Surface’ line. It easily 
holds specified grain size to 0.040 mm, and holds temperature within 10 | 

High-speed roof fans mean uniform heating at top speed. Finished tubing is 
clean, bright, ready for packaging. 


New developments in heat treating like this are coming continuously from 
‘Surface.’ Let us tell you about new heat treat equipment to increase your 
production of copper-base alloys and improve work quality. 


Write for Bulletin H55-12 


SURFACE COMBUSTION CORPORATION, TOLEDO 1, OHIO 


Aliso makers of Janitroi automatic space heating and Kathabar humidity conditioning units 
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This chart demonstrates th 
perature control achieved by 


Surface’ annealing furnace 
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Powder Metallurgy in Atomic Energy 


Metallurgical Problems in Design of Nuclear Power Reactors, by Vincent P. Calkins 


Selection of materials for use in nuclear reactors is limited by such factors as radiation 
change and neutron absorption characteristics in addition to the usual engineering 
considerations. Often, neal 

metals which have the properties required. (T 25) 


er metallurgy is the only way to fabricate the uncommon 


Preparation of Metal Powders for Nuclear Reactors, by P. Chiotti and H. A. Wilhelm 


Both uranium and thorium powder may be prepared by forming the hydride 
decomposing it by heating under reduced pressure. (H10, U, Th 


Fabrication of Zirconium by Powder Metallurgy Techniques, by Harold H. Hirsch 


Full-density ductile parts are achieved by pressing zirconium hydride powder and 
vacuum sintering at moderate temperatures. Canned billets can also be readily rolled 
or extruded. (H general, Zr) 


The Mechanism of Sintering of Nonvolatile Metals and Oxides, by Leslie L. Seigle and A. L. Pranatis 


Recently discovered evidence suggests that —in the later stages — sintering occurs by 
the diffusion of atoms from grain boundaries to the surface of internal voids near 
such boundaries. (H 15) 


Engineering Articles 

Evaluating Metal Cleaning Efficiency, by T. J. Bulat 
Radioactive soils are used to measure accurately the efficiency of various cleaning 
methods. Ultrasonic cleaning proved to be (he most effective. (L 10) 

The Demand for Metallurgists With Graduate Tra‘ ing, by J. H. Hollomon and J. J. Becker 
Industry and universities need between two and four times as many metallurgists with 
advanced degrees as are available. ‘No relief of the shortage is in sight. (A 3) 

Nickel Conservation With High-Manganese ‘stainless Steels, by Franklin P. Huddle 


Between a half and two thirds of the nickel-bearing stainless steels could possibly b« 
replaced by the high-manganese Types 201 and 202. The base price difference favors 
selection of the manganese steels. (SS) 


Surface Hardening By Induction Heat . . . Its Metallurgical Aspects, by Harry B. Osborn, Jr. 


The ability of induced electrical currents to generate heat in the surface layers of 
steel parts with unparalleled rapidity results in many manufacturing advantages and 


economies, The underlying metallurgy is expounded. (] 2) 
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THERMALLOY’® application ENGINEERING AT WORK 


It’s 
heat treating 
by another 


This singe roller is made of Thermalloy 
to withstand the constant high temperature 
of furnace gases. It is part of a Rotary Plate 
Cloth Singeing Machine manufactured by 
the American Gas Furnace Co., Elizabeth, 
New Jersey. 


They call it cloth singeing. And, normally, you 
wouldn't expect to find Electro-Alloys supplying 
high heat-resistant Thermalloy castings to the 
textile industry. But, wherever high heat or abra- 
sion is a problem, you'll find Electro-Alloys 
coming up with answers that give more operating 
economy per dollar. 

In this case, the singe roller, partly inserted in 
a furnace, is heated to 1600° F. Cloth feeds over 
the hot roller and is singed. The roller must en- 
dure this constant intense heat without deforming, 


oxidizing or otherwise contaminating the cloth. 


The Electro-Alloys engineering staff, with broad 


experience in producing high alloy castings, showed 
how these rollers could be made of a special grade 
of Thermalloy and produced at lower cost. 

Electro-Alloys cast the rollers centrifugally and 
delivered them completely machined, at costs 
below nearest competitive bidders. 

Profit by this example. Electro-Alloys leadership 
in developing high heat-resistant Thermalloy cast- 
ings and modern foundry facilities lower your 
heat treating costs. Our staff will work closely 
with you to design the casting and select the alloy 
best suited to your particular needs. Call our 


nearest representative, or write us in Elyria. 


*Reg. U.S. Pat. OF. 


ELECTRO-ALLOYS DIVISION 
6002 TAYLOR ST., ELYRIA, OHIO 


Sales offices in: Los Angeles, Oakland, Chicago, Detroit, New York, 
Cleveland, Philadelphia, Pittsburgh 
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Metal Progress 


Contents Continued 


Elimination of Segregation in Babbitt Alloy, By W. J. Reichenecker 110 


Copper additions of about 0.7% markedly reduce the tendency toward segregation in 
lead-tin-antimony babbitt alloys and result in more uniform structure. (Pb, SG-c) 


Toughness Without Tempering, by Robert H. Aborn 


The high toughness of low-carbon steels is associated with high temperature forma 
tion of martensite and subsequent tempering that occurs during quence hing. (N 8, CN 


Vacuum Melted Metal — An Interim Report, by Frank T. Chestnut 


The extra cost of vacuum melting is justified for gas turbine blades and specialty 
applications, but as yet there is little consumption of vacuum melted alloy steels for 


conventional engineering purposes. (( 


25, D8) 


Welding Engineers Consider Many Topics of the Times, reported by Dan White 
Ranging from oxy-acetylene welding of aluminum to resistance welding of titanium 
and from manufacture of high-pressure equipment to automation of cylinder manu 


facture. (K general) 


Pictorial Story 


Reproducing a Roman Coin, By E. W. Horvick. . 


Production of replicas of a Roman coin for ornamental use. (G 3, Zn 


Book Review 


A Six-Billion Dollar Problem, reviewed by Frederick A. Lowenheim 


“Protective Coatings for Metals” by R 


Burns and W. W 


Bradley surveys prese nt 


knowledge on properties, application and fields of usefulness of protective coatings 


Data Sheet 


Surface Hardening by Induction, by Harry B. Osborn, Jr. 


Charts, together with explanatory notes on p. 104 which will speed up the estab 
lishment of production cycles and eliminate a lot of “cutting and trying 


Digests of Important Articles 


Vanadium Pentoxide Attack on Heat 
Resisting Metals 144 
Mineral additives to fuels containi: traces 


ig 
of vanadium will prevent corrosion 
Evolution of Efficient Immersion Pyrometers 
for Openhearths...... — 
4 stable electrical insulation is needed to 
minimize thermocouple maintenance 


Variables in Seam Welding Low-Carbon 
Steel 
Variables tested are current magnitude, heat 
ing time, cooling time, degree of force b 
tween electrodes, and welding speed 
Inert-Gas Tungsten-Are Welding of Pipe... . 168 
First used on thin-walled tubing, the process 
is now accepted for welding of heavy piping 
Cause of Grain Size Variation in Castings... . 172 
Relationship between grain size and dimen 
sions of simple shapes cast at different tem 


peratures 


Departments 

As I Was Saying, by Bill Eisenman 
Engineering Digests of New Products 
Manufacturers’ Literature 


Sintering and Cold Rolling of Thorium 179 
Effect of compacting pressures, sintering tem 
peratures and sintering times on properties and 
fabrication 


Controlling Depth-of-Chill of Cast Iron 182 


Effect of casting conditions and composition 


Inhomogeneity in Plastic Working 186 
Variation of microhardness across § thickness 
of a worked metal is a reliable measure of 


’ 
inhomogeneity 


Mechanism of Hydrogen Embrittlement 
in Welds 188 
Hydrogen contributes to underbead crac king 
fissures, weld embrittlement, loss of ductility 
and even hot crac king 


Evaluation of lron-Powder Coated Welding 
Rods 192 
Tests compare the rutile (E 6024) and iron 
(E 6027) of powder coated rod: 
with the conventional E 6012 and E 6020 ty pe 


oxide type 


Personals 128 
Volume Index 203 
Advertisers’ Index 222 
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right in tune 


..and REX is the standard 
by which all other high speed 
steels are compared 


A tuning fork sounds the standard pitch to which musical 
instruments are compared. There’s a recognized standard 
for high speed steels, too — Crucible REX® 

But don’t take our word for it. Try REX in your own shcp. 
Compare its structure, finish, hardenability, carbide dis- 
tribution and general uniformity. Measure the extra per- 
formance you get. You'll see for yourself why no other tool 
steel outperforms REX . . . why it’s the standard for com- 
parison wherever high speed steels are used 

Next time you buy tool steels, be sure of top performance 

specify REX. Remember, it’s made only by Crucible 
and is available from local warehouse stocks, or by prompt 
mill delivery. Crucible Steel Company of America, Henry 
W. Oliver Building, Pittsburgh 22, Pa. 


lc q T) C | 4 LE} first name in special purpose steels 


Crucible Steel Company of America 
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Merry Curistmas to you and 

yours! 

As the vears rock and roll th 
time between one Christmas and 
the next grows shorter but the 
Merry Greetings grow more and 
more sincere. And that is as it 
should be 

We put the 37th Congress and 
Exposition to bed in Philadelphia 
with everyone singing its praises 
The exhibitors were happy with 
the 56,953 


were pleased with the fine attend 


visitors, the authors 

ance at the technical sessions, the 
cooperating societies were happy as a lark at the success of thei: 
and the A.S.M 
when every planned activity came off as scheduled. In reality 
however the opening session of the ( ongress and opening hour 
of the Show mark the end of the staff planning, because if every 
thing is not in order by the opening — it’s too late! 

Even months before the curtain descended on the Philadelphia 
activity pians were being evolved for the technical program and 
the exposition to be held in Cleveland next year — Oct. 8 through 
12, 1956 

There were many pleasing activities connected with The Phila 
delphia Story, but there was one event that gave me a real deep 
seated thrill; that was the Distinguished Service Luncheon given 
by the Society in honor of the 25-year members of the A.S.M., and 
as special guests some 200 student members from schools within 
a wide radius of the Friendly City, The ushers seated four 25-yea 
men and four student members at each table. From my vantag: 
point at the table on the stage I was able to observe the introdu 
tions and the animated conversation and discussion that took place 
at each table. Here was experience talking and counseling with 


youth, conversing with members who in 25 years would be on the 


meetings staff heaved a thunderous sigh of reliet 


other side of the table, taking their turn in passing on their expe 
riences of the past. When the luncheon was declared adjourned 
one could see the firm handshakes of sincere fellowship that took 
place at each table. A magnificient tribute to the Distinguished 
Service of these @ members! 

Have you written to Santa yet to tell him what you want in your 
sock? If not, do not delay too long — the males are slow these days 
so I am told I hope you get it. All 6 
members have done a swell job this past year and are highly 
deserving ' letter to Santa you 
may designate me as a reference, and then forget all about it 
because I'll justly praise you to the skies 

Merry Christmas! 


But whatever you want 


as always — of the best. In your 


Cordially yours 


Gil 


W. H. Essenman., Secretary 
AMERICAN Society ror METALS 
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Solventol research hos 
recently developed a 
new Series of Di-Phase 
Metal Cleaners which 
give more protection in 
both dip and spray 
cleaning operations. 
These improved cleon- 
ing materials now have 
a new high flash point 
minimum of 210°. 


plus, making possible 


the following important 
advantages: 


Much safer operation. 
Less solvent loss. 
Greater savings. 


Improved cleaning 
efficiency. 


Improved temporary 
rust protection. 


SOLVENTOL 


SEND TODAY for technica! spec 
fications and descriptive literature 
on the NEW Soiventol Di-Phose 
Liquid Series of Metal Cleaning 
Compounds 


SOLVENTOL CHEMICAL PRODUCTS, IWC. 
DETROIT 3, MICH. PH. TOWNSEND 6.6466 
NAME 

POSITION 


ADORESS 


DECEMBER PAGI 


1955 
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CARBURIZING 


This is the operation for 

which the Leland salt 
bath was originally pur- 
chased. Work is heated at 
1650° for 30 minutes, oil 
quenched and washed. A 
consistent, scale-free 0.005” 
case with surface hardness 
of Ris» 75/80 is obtained. 


BRAZING 


Ajax Salt Bath brass 

brazing of this assembly 
reduced costs from $14.20 to 
$9.10 per thousand—without 
considering the reduction in 
rejects from 25°, to less than 
1%, and elimination of 3 ad 
ditional treatments previously 
needed with copper brazing. 


SIMULTANEOUS BRAZING 
AND CARBURIZING 


Simultaneous brass 

brazing and carburizing 
cut cost from $79 to $13.11 per 
1,000 parts, eliminated 3 han 
dling operations, saved time. 
Average strength of brazed 
joints is 40,000 PSI. Case 
depth is 0.005”—0.007” with 
Ri5» 80/85 surface hardness. 


HARDENING 


SAE-1050 and 1065 cold 

rolled parts are hard 
ened in the same Ajax bath 
used for the 3 other opera 
tions. Hardened parts will 
bend 45° before fracturing. 
The “pick-up” of a super 
ficially carburized case is not 
objectionable. 


Cost-Cutting Operations 
with One AJAX Salt Bath 


.+- that saved $37,000 the first 8 months! 


Write for details outlining 
the G. H. Leland Inc., multi-use 
operation of its Ajax salt bath 

Let Ajax engineers demon- 
strate similar heat treating 
savings. You get actual proof 


Dorin its first 8 months on the 
job, this Ajax Electric Salt Bath 
Furnace saved $37,000 in the plant 
of G. H. Leland, Inc., Dayton, Ohio 
This saving was figured alter de- 
ducting all operating costs and 20% 


itself in just a few months of use! 

Not only does the Salt Bath handle 
all four heat treating operations de- 
scribed and illustrated above but 
the Leland model shop use: 


odd jobs as well 


on your own work samples annual equipment depreciation! 
in the Ajax Metallurgical Or, to put it another way, the 
Service Laboratories. No cost amazing versatility of the Ajax fur 


nace installation enabled it to pay for 


Work is scale free 


longer a problem and the firm's 


il 


entire parts process been 


or obligation effectively streamlined 


AJAX ELECTRIC COMPANY 
910 Frankford Ave. Philadelphia 23, Pa 


m electric SALT BATH furnaces 


Associated Companies, Ajax Electric Furnace Corp. * Ajax Electrothermic Corp. * Ajax Engineering Corp. 
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AISI—SAE 4140 


od 


4100 stee's are your best bet 


Chromium Molybdenum Steel like AISI-SAE 4140 


doing a iob econor ically in both light alate | heavy 
Whether in the equipment that drills an oi! well 
s for a thousand uses, plentiful 4100 Moly 
» better job. We can show you how 
ax Molybdenum Company 500 Fifth Avenue, 
ork 36, N. Y 


MOLYBDENUM 
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roved performance 


“A’’ MODEL 


IPSEN AUTOMATIC 
HEAT TREATING UNITS 


. . @ feature on all New Series ‘‘T'’ Furnaces. The T-400A 
for example now offers: 


Greater load capacity —Loads up to 1000 Ib. at all 
operating temperatures. No weight restrictions at 
elevated temperatures. 


increased heating rates—Up to 650 Ib. /hr. now 
possible. Increased heat input efficiently utilized with 
greater convection provisions. 


improved quench—Oil volume increased 50%. Re- 
versible flow 100% increased circulation accurately 
controlled by baffles for highly uniform quenching. 


Simplified piping and wiring—Makes unit easier 
to install and maintain. 


Temperature | Temp. drop | Net load} Recovery time 

etie scite Write for complete information . . . 
woe © senda ais — Ipsen Industries, Inc., 717 S. Main St., Rockford, Ill. 
1700 F. 1410 F. 600 Ib. 


1850 F. 1520 F. 600 ib. | 127 minutes 














-400A, 
ating 
. Tray 
AUTOMATIC 


KFORD, ILLINOIS 


HEAT TREATING UNITS 








Stokes vacuum brazing furnace at Pratt & Whitney 
Aircraft offers complete accessibility to work area and 
simplicity in material handling. These three simple opera 
tions are involved (1) placing of work (2) covering work 
with retort and (3) lowering the furnace shell 





aa" - 


Stokes manufactures a complete line 
of vacuum pumping equipment. This 
includes mechanical vacuum pumps, 
diffusion and booster pumps, vacuum 
valves and gages, and complete 
vacuum instrumentation. In engi 
neered high vacuum equipment, 
Stokes builds vacuum metallizers, 
vacuum furnaces and other vacuum 


processing equipment. 


Stokes has for many years been 
active in vacuum research. Vacuum 
experience among our engineers 
covers the range from laboratory 
equipment to some of the largest 
vacuum equipment in service. This 
experience is available to help solve 


your vacuum problems. 


bie 
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= Pratt & Whitney 








STOKES MECHANICAL 
VACUUM PUMPS 


For vacuum processing systems and 
for maintaining low forepressures 
in high-vacuum systems, the Stokes 
Microvac pump provides efficient 
economical operation. Designed 
with fully automatic lubricatior 
and a long-lasting exhaust valve 
assembly, every Microvac pump 

assured of smooth, trouble-free 
operation. Six sizes give capaci 
ties from 15 to 500 cfm. Send for 


catalog listed at right 








Aircraft Uses Stokes Furnace to Investigate 
Vacuum-Brazing of Jet Engine Components 


Versatile new furnace design also can be used for heat-treating 


and outgassing at high vacuum or under controlled atmospheres. 


A logical development of vacuum metallurgy, high-vacuum brazing, 
‘presently being investigated by numerous firms throughout the country, 
promises to produce superior products more economically than brazing 
methods used heretofore. Tests of vacuum brazed components indicate 


the greater strength, ductility and uniformity of assemblies produced 
by this method. 


Typical of firms currently carrying on investigations in this field is 
Pratt & Whitney Aircraft, East Hartford, Conn. The firm is using a Stokes 
furnace in experimental work on the application of vacuum brazing to the 
production of jet engine components. 


Stokes’ furnace design for vacuum brazing is practical takes into 
account the problems of large-scale production. The Stokes dual-chamber 
design, with a smooth-contoyr retort completely enclosing the work, permits 
faster vacuum pumping cycles; provides complete accessibility of the work 
area and a large, uniform temperature zone. 


Stokes engineers have a wealth of practical experience in the field of 
vacuum metallurgy We'll be glad to discuss the application of this fast- 
growing science to your production. Write for Catalog 790 containing 
valuable information on Stokes High-Vacuum Furnaces. 


F J Sroxes Macutne Company, 5504 Tasor Roapb, PHILADELPHIA 20, Pa 


TECHNICAL 
LITERATURE 


Microvac Pumps—Catalog 750 
Diffusion and Booster Pump 
Specification sheets 
and performance curves 
The Story of the Ring-Jet Pump 
Complete Vacuum Processing 
Systems—Catalog 730 
How to Care for Your 
Vacuum Pump—Booklet 755 
Vacuum Impregnation — 
Catalog 760 
Vacuum Drying—Catalog 720 
Vacuum Furnaces — 
Catalog 790 
Vacuum Metallizing — 
Catalog 7860 


Vacuum Calculator 
Slide Rule 
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VACUUM EQUIPMENT 


STOKES VACUUM VALVES 


To control vacuum safely and surely, Stokes 


STOKES RING-JET DIFFUSION 
AND BOOSTER PUMPS 


vacuum valves ore available in 4, 6, 10 and 


lé-inch standord flange sizes 
The new Stokes Ring-Jet Pumps em 


body a new concept of the diffu 


STOKES-McLEOD VACUUM GAGES 


sion principle. Size for size, they For measuring vacuums from fractions of a 


have pumping speeds of 10% to micron up to 50 mm, Stokes-Mcleod gages are 
more than 100% above any other the standard of reference. Four sizes available 
diffusion pump for a given heat 
input. Ring-Jet Diffusion Pumps are 
available in sizes of 4, 6, 10, 14 
and 16 inches; Booster Pumps in 
sizes of 4, 6, 10 and 16 inches. 


Send for information listed. 


OFFICES IN PRINCIPAL CITIES, REPRESENTATIVES THROUGHOUT THE WORLD 





RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-1255, East Moline, Illinois 


Send illustrated Bulletin RR-13-54 on new Creep 
Testing Machine 


Have a Riehle engineer call on me 


Panel of one machine is mounted left, the other right, to save floor space. 


a Creep Testing Machine 
withouwt “‘assembling it ywourself’’ 


The new Riehle Creep Testing Machine can be furnished 
100% complete — all ready to operate in your laboratory. 
This machine can be shipped from our factory complete 
with: 


@ Creep measuring equipment, either electronic recording 
or dial gauge 


® Control panel, temperature controller and local wiring, 
mounted integrally on the machine 


Motorized weight elevator to permit uniform applica- 
tion of load 


TESTING MACHINES 


A DIVISION OF 


Machine and Metals, Ine. 


ST MOLINE, ILLINOIS 





@ Hydraulic recoil absorber which eliminates free falling 
of weights when specimen fails 


@ Counterweighted beam to permit accurate taring of 
tools and fixtures 


Automatic beam leveler which takes up strain movement 
of ductile specimens 


Specimen adapter for threaded-end and shouldered-end 
specimens 


@ Counterbalanced furnace 


Riehle Creep Testing Machines can also be furnished 
stripped down, if specified. 


SPECIMEN MISALIGNMENT MINIMIZED — The axial 
loading fixture utilized on Riehle Creep Testing Machines 
is ball seated for freedom of motion on both axes. 


Members are accurately centered and square, bending 
moments on the specimen are reduced to a minimum. 


Riehle Creep Testing Machines are built with maximum 
capacities of 12,000 Ibs. and 20,000 Ibs. Accuracy is guaran- 
teed to be within 14% of load. Full information is given 
in Bulletin RR-13-54, For your copy, just mail the coupon. 
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Vacuum Furnace 
Vac 


nounced a new vacuum furnace which 


ium Specialties Co. has an- 


operate at temperatures up to 


life 


re duced 


50° C. with and 


22 good element 
2TOO° « 

rhe 
can be maintained at 
micror He T ne 


plit-graphite re 


to about with ele- 


ment hile operating pres 
than 1 
tank holds the 


element, in 


sure 
less 
upper! 


istance 


heat 
leads are water cooled and connect to 


sulation and shields. The power 


the element in such a way that no hot 
The bottom tank holds a 
revolving turntable with a 
The 


around 


spots occur 
1x-position 
work hold 
the 


indexing mechanism 


ers it in recesses 


turn- 


table and ar« ively raised into 


the hot element by a 


succe 
pneumatic ram 


Thus all x loads can be processed 
without cooling the element or break 


The 


port in 


ing the vacuum load 


of the 


furnace is 
ed through a the 
tank 

For further information circle No. 1704 
on literature request card, page 32-B 


top 
hottom 


Hydrogen Determination 
Ledoux & Co. ha 
new 


announced a 
instrument for the determination 


The 


based 


of hydrogen in metals and alloys 


new hydrogen-determinator is 


| 


combustior 
the per 


20 min. in metals as 


on the technique and re 


duces time determination t« 


such titanium 


molybdenum, tungsten, nickel and 


cobalt. It determines hydrogen in cor 


centrations as low as 0.003 and a 


high as those in metal hydride 
For further information circle No. 1705 


on literature request card, page 32-B 


Nondestructive Inspection 
Analy 


development of 


Magnetic Corp. ha 
nounced the 
electronic testing equipment for 
inspection of 
steel bar 

welded. Ar 
tem indicate 
fect 
tubing, 


nonmagnetk taini 


and tubing, seamles 


audio-visual warning 


external mechanical « 


in bat In seamless and welded 


it indicates mechanical defect 
both on inside diameter 


Differ 


and outside 


as well as imperfect welds 


ences in chemical composition and 


like 


and an oscillo 


dimensiot are 
A meter 


cross-sectional 


wise detected 


scope are provided to vive more con 


plete information lesti 


v peed 


approximately 200 ft. per mi 


For further information circle No. 1706 
on literature request card, page 32-B 


Vapor Degreaser 
Phillips 


announced it 


Manufacturing Co 
of e| 


steam heated heavy du 


new series 
gas or 

greasers to clean parts or assembli 
thick oil 
both. A double 


sump solves the problem of draining 


heavily laden with very 


soluble, insoluble, or 
contaminated 
One of 
heating 


off heavily vapor de 


solvent the 


the 


greasing ump 


contains element which 


ring 


|New | | 
Products... 
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boil. The 


repositors for the 


bring the olvent to a 


other sump is a 


contaminated solvent which runs off 


from a drain plate above the boiling 


ump A removable sludge pan is 
located in this settling sump 
For further information circle No, 1707 


on literature request card, page 32-8 


Camera 
4 new 


designed to 


ingle crystal cylindrical 
take 


photographs of 


camera oscillatior 


and rotation single 


crystal specimens on a stationary 


cylindrical film, has been 
North 
technique of 


announced 
Philips Co 
rotating 


by the 
The 


tal allow 


American 
the ery 


investigator to deter 


mine the tructure of crystal speci 


me through analysis of position and 
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SUN QUENCHING OIL NO. 11 
LASTS FOUR TIMES LONGER 
THAN COSTLY COMPOUNDED OIL 


Provides clean bright-quenched parts at lower cost 


... Keeps tanks and coolers cleaner longer 


To get clean, bright-quenched parts, J. W. 
Rex Company, Lansdale, Pa., one of the 
foremost heat treaters in the country, had 
to drain their 1500-gallon quench tank every 
few weeks. High oil cost and frequent shut- 
downs for tank and cooler cleaning became 
too expensive. 

A Sun representative made a thorough 
analysis of this problem. He then suggested 
a switch to Sun Quenching Oil No. 11—at 
a price about half that of the costly com- 
pounded oil they were using. 


J. W. Rex, right, President of J. W. Rex Co. and Sun rep 
resentative check brightness of an intricate 8620 steel part 
after quench in Sun Quenching Oil No. 11 
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Now, twelve months later, the original 
charge of Sun Oil is still in the tank! Make- 
up is considerably lower...parts are contin- 
uing to come out clean and bright...and... 
tank maintenance costs are practically nil! 

To find out how a Sun Quenching Oil can 
help you heat treat metal at lower cost, 
phone your local Sun representative or write 
for Sun’s latest Technical Bulletin contain- 
ing complete information about Sun 
Quenching Oil No. 11. Address Sun O1L 
Company, Philadelphia 3, Pa. Dept. MP-12. 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY 


Philadelphia 3, Pa. 


In Canada: Sun Oil Company Ltd., Toronto and Montreal 











SUN QUENCHING OIL NO. 11 
DRAINS OFF PARTS FAST 
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2500 POUNDS OF PUMP RUNNER 


A TYPICAL DURALOY 
HIGH ALLOY CASTING 





This casting is 18-8, destined for use under quite corrosive 
conditions. It's typical of the work done in our modern 
foundry for both manufacturers who need high alloy cast 
ings for their equipment and for plant operators who need 
castings to meet a corrosion problem, a high temperature 
problem or a combination of both, with or without abrasion 
as a contributing factor 


We here at Duraloy now offer several distinctly different 
kinds of castings, all in the corrosion-resisting, heat-resist 
ing or abrasion-resisting class and each kind offering 
certain distinct advantages 


static sand castings 
centrifugal castings 
shell molded castings 


Shell molding offers great economy in the casting of small 
pieces on a large mass production basis 


Bring your high alloy casting problem to Duraloy both for 
recommendations as to the best alloying combination and 
for foundry services in casting and finishing the piece. Our 
recommendations and service are backea up by more than 
thirty years high alloy casting experience. 


intensity of spots on the film. Hori 
zontal spot patterns, called layer 
lines, reveal the nature of the lattice 
unit cell. When various reflection 
are indexed, it helps in the deter 
mination of the corresponding space 
group. The camera is constructed of 
cast aluminum with a semi-gloss black 
finish; the single crystal cylindrical 
camera is 7 in. high, 6 in. wide and 
4 in. deep overall. It consists of six 
subassemblies—mounting base, driv 
motor, cable, goniometer head, film 
cylinder and accessory box 

For further information circle No. 1708 
on literature request card, page 32-B 


Potentiometer Recorder 


A new round-chart electronic dyna 
master potentiometer recorder that 
can make two continuous records at 
the same time on a 12-in. round 


chart has been announced by the 


sristol Co. Specific applications where 

two simultaneous continuous records 
are helpful include the taking of wet 
and dry resistance bulb temperatures 
for humidity measurements, Btu. and 
temperature differentia! measure- 
ments. 


For further information circle No. 1709 
on literature request card, page 32-B 


Melting Furnaces 


A new method for introducing high 
frequency water-cooled leads to its 
melting furnaces has been announced 
by Inductotherm Corp. The leads are 
introduced through the furnace trun 
nion, the area of least movement, in 
stead of through the rear of the 
furnace. The new design obviates the 


THE HURALU I COMPANY 
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PRODUCTION OF QUALITY STEELS 
IN THE ELECTRIC FURNACE 


By Harry F. Walther, Superintendent, Melting * 


{ 


upply of consistently high quality steel 
The Timken Roller Bearing Compan 


lo assure a steady 
early in its corporat 


career, decided to make its own steel 


The first electric arc furnace installed at The Timken 
Roller Bearing Company's steel plant went into operation in 
August, 1916. The first installations were small and rather 
crude, but from that time on the company’s capacity has 
teadily grown to keep pace with the demand for high 
quality steels. This growth has occurred in number of fur 
naces, in size of individual furnaces, and in such techno 
logical aspects of furnace Operation as instrumentation, elec 
trical and mechanical auxiliaries and in metallurgical and 
process control 

Later, it was planned to install three open hearth furnaces 
The first heat was tapped in March,.1927. However, for cer 
tain economic and technical reasons, it was decided to 
replace these furnaces with new, modern, top-charge arc 
furnaces of the latest design, Subsequently, the last open 
hearth heat was tapped on November 29, 1952, and by 
January 13, 1953, the Melting Department was completely 
converted to an all-electric shop, with an annual capacity 
of 650,000 tons of high quality alloy steels 

Why did we become an electric melt shop? Consideration 
of some of the problems involved in large-scale manufacture 
of bearing steels and other quality steels may help explain 
the reason for this decision to the reader not already familiar 


with the fundamental differences between a job” shop 


operation on a wide variety of analyses and that of the 


integrated 


teels withi 


QUALITY IS ECONOMY 


The Timken Company 


produce some 200 

analyses, all subject to more rigorous quality 

those usually imposed on the more common, low-carbor 
steels. It is evident that in a shop where one 25-ton heat may 
represent as mu ha $17,000, any productior onomy 
established at the risk of quality is a false one. The much 
closer metallurgical control afforded by the electric arc fur 
nace, with its assurance of high, uniform quality in every 
ource of true economy 


heat, is possibly the greatest singk 


to the alloy-steel producer 


ALLOY STEELS — Special and Varied 


The Timken Company's steels are varied both as to their 
chemistry and the uses to which they are put. Frequently 

many as eight different analyses are found in the furnaces at 
one time; quantities range from as little as three thousand 
pounds of some highly specialized or experimental analysi 
up to more than one-hundred-ton heats of the more widely 
used types. Obviously, a much greater flexibility to meet 
such requirements exists in the electric furnace shop, equip 


ranging from | ' to 100 ton i 


ped with 10 unit than could 
be obtained with any other practical combination of alloy 


steel-making equipment 


*The Timken Roller Bearing ¢ 
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MULTIPLICITY OF USES 


by 


This fact further complicates 


the of bars and tubing used 


very major industry 


Timken steel in form is 
virtually « 
the prot em of inventory 


ot 


Demand fluctuates, both in quan 
tity 


ind in grade steel required. Specifications of in 


dividua ustomers constantly changing. Scheduling 1s 


difh 


are 


made ult by the delivery 


di 


varying requirements of a 
ersified market 
for rock 


(special high carbon steel held to extremely narrow limits of 


Products this broad market include hit steel 


controlled hardenability); aircraft and automotive steels 


(including alloys for jet engines); tool steels (including 


graphitic grades); and, of course, bearing steels, which the 


limken Company supplies to 24 other bearing manufac 


turers, in addition to its own requirement. The great diversifi 


cation of this market, with its attendant problems of inven 


tory, places a high premium on the flexibility of the electric 


furnace — the speed with which it can be started up or shut 
down, ea 


se of rebuilding and preparation for melting, its 


relatiyv 
While 


much | 


short heat cycle and high yield in tons per-hour 
general 


the 


in the above considerations do not shed 
of furnace 
other methods of steel-making, they do explain why The 


Timken Roller Bearing Company's Steel and Tube Division 


ght on relative merits electric vs 


operates an all-electric melt shop. Now, just what is involved 


production-wise 


in quality steel-making by the electric arc 


furnace process 


SCHEDULING 


Our first consideration in scheduling a heat is the customer's 
final application of the steel. Detailed records are kept of 
practices used in previous melting of all analyses, from which 


t is possible to determine the best practice for each current 


iIOb 





The 
ints 


Production Department initiates the schedul with 


ill y px 
required by the order 

In 
edure 


the 


rmation relating tot quantity ze and tolerances 


the Metallurg il Department 


ir 


complete melting pro 


outlined m melt-down to tap 


Melt 


are 


ind on through 


other mill operation hop supervisor and meltes 


vorking trom these dat able consistently to deliver a 


Ire 


pica mnt m raw material to 


CHARGE 


Availability 
particular 

making 
the highest qual 
the harge mh iin 
There 
incoming Taw 
spec 
If the 


ments as ni 


ind proper identification of raw materials 1: 
the alloy 


ind 


of 
Slag 


scrap must be of 


mportan ‘ to lara steel shop 


material illoying ingredient 


uniform ty possible to speed selection of 


tandardizing 


i 


lag-making proce 


dure ire some 55 clas i10ns in Our Own shop and 


all materials are carefully checked against 


trict ification 


analysis to be made involves such non-oxidizing el 


kel and molybdenum, a high percentage of spe 
clements 1s cl 


for 


ification of these 


iilable 


either a 
ike 


aminimum exce pt for 


irged scrap or in 


other av ms. Oxidizable elements | 


held to 


manganese 
and chromium 


the ob 


ifec veneer! ally 


vious exception of a high percentage of stainle 


In the 


sx rap 


harge latter instance, we employ a spec ial practice 


for the 
of 


element 


removal of carbon 


the for 


followed by 


of the 


using OAYygen 


al 


turn 


ing slag practi recovery oxidized 


Undesirable elements such as phosphorus and sulphur are 


kept below specification in the charge or low enough that 


juced to 


Im the 


highly dependent on the 


they can be easily re the required minimum during 


normal proce if large jot it time and cor 


analysis 


shop, he 


rect are availability and 


proper classification of all charging elements 


i next 


(continue 











OXIDIZING PERIOD 


As in the production of most quality steels, the Timken Com 


pany uses a two-slag, basic practice: an oxidizing slag fol 
lowed by a reducing slag. During the oxidizing period, such 
clements as carbon, phosphorus and some sulphur are r 

moved from the bath by oxidation and slag-metal reaction 
[his is accomplished by adding lime to the slag and introdu 


ing oxygen to the bath a al inter or gas. The oxidiz 


ing period normally is concluded when carbon has been 
lowered to the specified level. At the end of this pe riod, the 
slag attains a weight of 2 to 4 per cent of the metal bath, a 
Wweight-per-cent ratio of lime to silica in the range of 2.0 to 
2.4, and a total FeO content of from 5 to 30 per cent 
depending, generally, upon the carbon level in the bath and 
the basicity of the slag 

I he literature is rich in data covering the effects of oxidiz 
ing slags on such residuals and additives as carbon, manga 
nese, silicon, chromium, phosphorus and sulphur in the mol 
ten bath. More and more, metallurgy is extending its investi 
gations beyond the physics of metals and into the realm of 
their complex chemistry in the search for a clearer under 


standing of slag-metal and metal-gas reaction 


REDUCING PERIOD 


Following slag-off, and such additions as are necessary at 
that time, a reducing slag is added for the purpose of further 
refinement. Slag volume during this period is usually 2 to 4 
per cent by weight of the bath. About 20 minutes are r 
quired for the slag to “shape up”. After the reducing slag | 
added, and throughout the refining period, judicial addition 


‘ 


f a reducing agent such as coke and silicon are made to keep 
the slag “deoxidized”. Silicon may be substituted for coke in 


melts where carbon pickup ts a hazard 


Refining-slag make-up varies widely, but in normal carbide 
slag practice it will have a lime-to-silica ratio in the range of 


2.2 to 4.5 per cent by weight, a calcium carbide content of 


about 0.5 to 4.5 per cent, FeO content under 2 per cent, and 
a Cake content in the range of 2 to 15 per cent Here, again 
the literature includes a wealth of findings on many a pects 
of refining-slag reactions 

[he refining period ends with addition of such alloying 
clements as are shown by test to be needed to meet specifi 


cations. Following the refining period, final deoxidation is 











effected t Gditions ¢ 


f aluminum or other itadie mat 


rial if required, and the heat is ready to be tann: 


POURING THE INGOT 


During the pouring process 


i nm every previou 

production precaution is taken to pr vent contamination of! 
the metal. All molds are vacuum cleaned in th pit and mold 
plugs are made ota special ill-carbon mix instead of the 


more Common tay 


n order that non-metallic inclu 
may not mM ntroduced into the ingot. We have found that 
good housek eping contridut to the good work-habits so 
nece iry to uniformly high quality 

All ingots have ceramic hot-tops and are cast at a rate cal 
culated to maintain desired surface and internal quality. The 
pouring nozzle is a ceramic refractory which ts tar-impreg 
nated to reduce bore erosion and thus makes possibk 


tained, uniform rate of pour 


PROCESS CONTROL 


Repeated mention has been made of the nece y for 
qualit ontrol mm the production of alloy ste ind of the 
features of electric furnace operation which make this con 
trol possible However, these feature are only the instru 
ments by which high quality can be achieved and maintained 
In order to employ them properly, an accurate knowledge of 
what ts in the furnace and of what ts happening to the metal 
in the way of temperature, slag chemistry and chemical com 


position of the bath required il very lave ol productior 


During the oxidizing period, basicity of th lag very 
important. Measurement of slag basicity is obtained by the 
p incake method of visual in pection Another vital factor 
in alloy steel production is bath temperature. The Timken 
Company was among the first to use mmersion thermo 
couples for accurate bath temperature determinations and 


it is in good part due to our success with this method that it 


ly standard in the industry Tempe rature 


has become virtua 
are directly related to power input and a detailed graph 
record of the latter is kept as an important item of proce 
control. In addition i graphi record Kept of all immersion 
thermocouple readings taken during the heat 

As soon as the turnace harge has been melted down 


sample taken and immediately analyzed for type and per 


centage of alloys present. With th melt-down test report 


the melter determines the alloys that must he 


just the steel to specifications Following slag off 


» the refining period, additional metal samples and 


nes are taken for final adjustment of the 


teemed into ingots, final samples are 


the “ladle analysis”. Because it includes 


‘ 1 i 
he ladle 


analysis yields, amor 
quick and accurate indication of nherent 
very important information for the 
This test and those made on samples 
blooms comprise the official chemi 
of the heat which is sent to 30 individuals or depart 
the company 
Timken Company employs both conventional wet 
inalysi ind spectrographic method the latest 
direct-reading Spectrometer which reduces the time 
ra compicte analysis from about 45 minutes to 
The value to the melter of such rapid determina 
ilculablk Heats need no longer! be held tor long 
he furnace pending reports. The melter receives 
heat is still in approximately the same con 


t sample was taken 


nd prelim tests 


ind sulphur 
on the ladle are 
A pneumat 


melt floor to laboratory 


tube 


system Cal 


ire run on the Specti 
double-checked by 


ometel 


wet 


the test 


except for carbon 


only 


t 


phos 
Sim 


samp 


chemical 


Results are telautogr iphed t< 


meiter who enjoys instantaneous, two-way Communic 


vith chemical and spectrographic labs. Other direct-line 


iy commu itions include those from cranes to melt 


floor to pit, pit to cranes, and stock-house connection 


' 
potn cram ind melt floor. As a part of its record 


Iimken (¢ ompany keeps i heat-log for every mel 


in compositions of the metal and the slag 


IMPROVED TECHNOLOGY 


t of the established steel-making tech 
is carly identified with qualit te 

furnace has undergone the greatest 
refinement of any steel 


ties have increased; transformer im 





ceeded the greatest expectations of early 
turel witch gear and powell controls 
state of efficiency. The electrode indus 
trodes of sizes and quality not thought 
igo. Power companies have provided a 
vhich probably ts the important fun 
singi« phase of techno 
claim to the 
es. Ihe 


in absolute necessity 


present 


proper 


ypments have aided the melter in 


th and im increasing production 


cading immersion 


Spectrometet 
telautograph and various graphic 
Induction stirring has also provided ameans 


Much 


been removed from melting by making 


ite chemistry and temperature control 
vork has 

entific devices Ihe use of oxygen in the bath 
t possible to recover vast amounts of chromium 
of stainless types with 


roduce ext! irbon steel 


imum of difh« 


have likewise played a most impor 
operating techniques. Fully rammed 
irious excellent mixes have eliminated much of 
ind plain guesswork from hearth maintenance 


idewalls, particularly metal encased, have pro 


stinct advantage t operators 


innot overlook the part metallurgists have played in 


| roducing 


rmet 
nd 1 
temperature 
in | nnigtue 
the ustornme 
Alloy manu 

Ke 


We 


1as relationships, it i 


al qualit By applying the results of statistical 


mK i better knowledge of slag metal 


possible to improve melt 


iny rigid requirement desired 


now supplying materials which 
roduction of complex steels which, until 


time were economically impossible 


is to what the future may bring 
for steels to resist higher and 


d to provide increasingly greater 


hemical-resistance, the electric fur 
houlder an in reasingly 


n. The hi 


ntinue to 


greater 
tory of its develop 


improve in its ability 





From the un ( l ntroduction in this country as a Diast furn 


ALL 


refractory i irbon has continually gained tn acceptance 


because § [ ( ervice performanc Research into desigr 
ind construction of carbon blast furnace linings and thorough analy- 
is of their servi idvantages are now accomy lished facts. Sum- 
marized here ar me of the data currently available from both 


operating practi in search 


HEARTH WALL 


Inconsistent hearth break-out records for materials other than car 
bon were a major reason for carbon’s rapid acceptance. Perform- 
ance of carbon in some 145 blast furnace hearths in North and 
South America provid trong evidence that hearth lining life can 
be safely extended by two or more times the life expectancy pre- 
viously regarded as standard for other materia Blast furnace 
break-outs were harply reduced with “National” carbon linings of 
the original design, and features of the present “National” carbon 
design are an even greater improvement Examination of carbon 
hearth walls between campaigns reveals very litthe wear and uniform 
thickness, in contrast to dangerous thinning of other materials. More 
than twenty “National” carbon linings have been removed to make 
a thorough analysis of their condition. The marked decrease in wall 
thinning together with the absence of breakouts in these hearths 
have encouraged blast furnace management to identify the carbon 
hearth with longer, safer life. Cumulative experience now indicates 
that one “National” carbon hearth lining can remain in service dur- 
ing the life of at least two stack linings — resulting in appreciable 
savings of time and mone 

Full-wall installations of “National carbon brick date back to 
1945, with continuous campaigns of up to 2% million tons Such 
outstanding servi has been repeated many in part-wall 
patches of carbon brick work 

This accumulation of service experience a ‘xamination and 
research data has firmly established the soundness the present 
design, favored by the industry and recommended by National 
Carbon Company 

In this present design, the hearth wall is at least 2 inches thick 
constructed of carbon brick installed directly against external cool- 
ing. The quality of hearth wall linings is further assured by using 
National” carbon brick of machined tolerances for desired uni- 
formity and MC-2, a superior “National” carbon cement, extremely 


workable for highest quality bricklaying and high bonding strength 
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The accepted practice for years has been to imbed 


water-cooled copper plates in a systematic pattern 
throughout the bosh. The linings thus “stabilized” never- 
theless cut back rapidly, exposing the nose of each plate, 
which protrudes inward, without protection. This condi- 
tion establishes cooling “spots” which tend to chill the 
slag and other burden in irregular, changing patterns 
during operation. Downward stock movement and up- 
ward gas flow are thus hindered and “channeling” results, 
starting at the bosh wall. This condition is undesirable 
from the standpoint of gas-to-solids contact and creates 
wide temperature fluctuations in the stack wall. These 
factors are detrimental to the lining and cause “scab” 
formations which reduce working volume and are other- 
wise undesirable 

The use of imbedded cooling plates in a carbon bosh 
wall is unnecessary and, from the standpoint of installa 
tion and maintenance, highly undesirable. Carbon bosh 
lining blocks of special, small shapes are laid directly 
against a solid, welded steel jacket since cooling of the 
outer shell is adequate 

Construction cost analyses made by a number of or- 
ganizations confirm the fact that a carbon bosh can bi 


installed for less total cost than the internally cooled type 





he greatest savings result from the elimination of cooler 
plates and the necessary labor time required for the 
tedious fitting around these plates 


Carbon is a material to which the burden will not ad 
here, and it maintains a smooth surface. Furnace opera 
tion is improved by the consistently free movement of 
the furnace burden through the bosh area 

Inside furnace diameters often have been enlarged by 
lining with carbon up to the mantle. Thinner walls of 
carbon are possible within the same hearth and under 
the existing stack shell. Rated furnace capacity can be 


increased up to 20% in this way, at minimum cost 


CONCLUSION 


Safety, smooth operation and long, trouble-free service- 
life are now firmly established features of “National” car- 
bon linings for blast furnaces. Furthermore, a properly 
designed carbon lining offers the advantage of increased 
furnace Capacity at minimum cost Because of its pioneer 
work and continuing research and development in this 
field, National Carbon Company can be of invaluabk 
assistance to blast furnace users in the development of 
cost analyses and in recommended designs for the proper 


application of this superior refractory material 


National Carbon Company recommends: 


Blast furnace hearthwalls made of “National” carbon brick of machined 


HEARTH WALL 


tolerances, using a minimum wall thickness of 22% inches, joined with 


“National” MC-2 carbon cement. The hearth shell should be air tight and 
gas tight, with adequate cooling restricted to the outside of the wall. 


IRON NOTCH 
of carbon. 


Iron notch constructed of carbon brick shapes or especially machined blocks 


Hearth bottom approximately 7 feet thick, constructed of large “National” 
carbon blocks, with all surfaces machined for face-to-face contact, and half- 


HEARTH BOTTOM 


round keyways in each vertical face for continuous graphite key rods to 


provide a “locked-in” hearth construction 


BOSH WALL 





Bosh walls built of special small shapes of “National” carbon, laid directly 
against a solid welded steel plate jacket. Internal cooling plates are eliminated 
since external wall cooling is adequate. 


Previous issues of CARBON AND GRAPHITE NEWS are still available. 


Write National Carbon Company, 30 East 42nd Street, New York 17, New York, giving name, title and company address 


The term “National” is a registered trade-mark of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 


A Division of Union Carbide and Carbon Corporation 


30 East 42nd Street, New York 17, New York 


in Canada: Union Carbide Canada Limited, Toronto 
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Diamond in the rough 


This 42,000 pound Finkl FX die nearing completion at the Ladish 


Co., Cudahy, Wisconsin, will be utilized by that firm in drop forging 
1681 pound close tolerance aircraft propeller blades. FX is but one of 
many Finkl steels available for forging operations, all of which are 
quality controlled with “built-in” characteristics required for precision 
production. For the proper die steels to fit your needs, ask your local 
Finkl representative or write for the Fink! catalog 

When you next consider hot work tooling die blocks, or lorgings, 
call on Finkl for “impressions that last 


DIE BLOCKS Offices in: DETROIT + CLEVELAND + PITTSBURGH + INDIANAPOLIS 
HOUSTON + ALLENTOWN ~ ST. PAUL +» COLORADO SPRINGS 

HOT WORK SAN FRANCISCO + SEATTLE + BIRMINGHAM + KANSAS CITY 
ST E E L Warehouses in: CHICAGO «+ EAST CAMBRIDGE + LOS ANGELES 


FORGINGS + Fini & Sons Co. 
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2011 SOUTHPORT AVENUE CHICAGO 14 
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Three NEW Refractory Products 


For Reaction Motors 


N THIS “high temperature age,” 
when industry 1s iin for mate- 
rials with ever higher melting points, 
the requirements of reaction motors 
are extremely demanding 
Depending upon extreme tempera- 
ture “ifferentials in converting heat 
into useful work, the power plants for 
jet propulsion present unique time- 
vs.-Lemperature problems. To meet 
these »wroblems, component materials 
must be able to withstand not only 
very high temperatures but also other 
factors such as thermal shock, ero- 
sion, corrosion and oxidation, 
Aware of these requirements, 
Norton Company has for years been 
engaged in a program of experimen- 


tation, development and testing of 


various materials. A number of these 

have proved highly satisfactory for re- 
action motor and. similar appli a- 
tions; in particular, the 
scribed below. 


ROKIDE* “A” 
Aluminum Oxide Coating 
A hard, adherent, refractory oxide 
coating, pure white in color and con- 
taining about 98.6% AlgOs. It has 
been successfully applied on ceram- 
ics, glass, and certain plastics but par- 


three de- 


tic ular ly on metals in thc k nesses of 


005" to 050" 
Cases. 


, and greater in special 
This crystalline oxide coating 
protects the base material under high 
temperatures and erosion conditions, 
being harder than 
the hardest steel, provides strong re- 
sistance to abrasion, ROKIDE “A” coat- 
ing is thermally and electrically in- 
sulating and is slightly permeable. 
This coating and coating process are 
covered by U. S. Pat. $2,707,691. 


ROKIDE “C” 
Silicon Carbide Coating 

This coating was developed to im- 
prove graphite components for high 
temperature use, It consists of a pro- 
tective layer of pure CRYSTOLON® sili- 
con carbide, of dark gray or gray- 
green color, formed at high tempera- 
ture on the graphite, to protect it and 
increase its resistance to erosion and 
oxidation, The coating 
tween .002"' and .030° 
around 010” 


and its alumina, 


varies be- 
but is usually 
. treacts inte grally with, 
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and becomes a part of, the graphite 
surface. A considerable part of the 
coating, therefore, is chemically de- 
rived from the graphite itself. roxipe 
"C” coating has excellent thermal 
shock resistance and extreme resis- 
tance to abrasion. It is slightly per- 
meable. This coating process is cov- 


ered by U. S. Pat. $2,677,627. 
CRYSTOLON® “N” 


Silicon Carbide Products 

These are monolithic bodies, kiln- 
fired at high temperature and molded 
to close dimensions in a wide variety 
of shapes and sizes. They have greater 
resistance to mechanical and thermal 
shock than most ceramics and, com- 
pared to other commercial refractory 
products, are very strong. CRYSTOLON 
“"N” material is dense and extremely 
refractory. Products made of it have 
been used successfully at estimated 
temperatures as high as 5000°F for 
varying periods of time. 


Applications 

Typical applications for which 
these products have shown excep- 
tional promise: 

Rockels: nozzles, motor tube linings, 
thermal barriers. 

Guided Missiles: vanes, skin protec- 
tion, motor components. 

Ram Jets: tail pipe lining. 

Gas Turbines: inner combustion 
chamber lining, cross fire tube lining, 
flap nozzle coating, 
shroud ring insulation. 

Miscellaneous: burner parts 
tion, electrical insulation, thermo- 
couple tube protection, 


housing and 


yrotec- 


Licensing Policy 
A license for the use of the ROKIDE 
A” aluminum oxide coating process 
can be obtained from Norton Com- 
pany. 


Other Norton Products 
of interest to designers and builders 
of reaction motors include refractory 
ceramic materials of commercial type, 
including fused stabilized zirconia, 
various CRYSTOLON products, MAGNOR- 
rre® fused magnesium oxide products 
and aALuNDUM® fused aluminum oxide 
»roducts. Norton also makes a num- 
er of refrac tory carbides, borides and 


nitrides. These high-melting mate- 
rials, which have varied applications 
in many fields, are also the basic in- 
gredients of the famous Norton Re- 
fractory R's — refractories engineered 
and prescribed for the widest range of 
uses. 

For further information on Norton 
products for reaction motors 
other applications write, mention- 
ing your requirements, to Norton 
Company, 333 New Bond Street, 
Worcester 6, Mass. 


or for 


In Rockets, Jet Planes and Guided Mis- 
siles, Norton products for reaction motors 

roxipe “A” Aluminum Oxide Coating, 
roxipe “C” Silicon Carbide Coating and 
crYSTOLON “N” Silicon Carbide Monolithi 


Bodies are used for many appl avons 
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necessity for longer leads and the 
deep pits at the rear of the furnace. 
Furnaces incorporating this new de- 
ign have been built for air and 
vacuum melting in capacities of 30 
to 2000 Ib 

For further information circle No. 1710 
on literature request card, page 32-B 


Vacuum Degassing 


nney Mfg. Div. has announced a 
vacuum degasser for rid 
of entrapped gasses and 


rities. The new unit i 


d on wheels, is 6 ft. square and 


| consists of a mechanical 
and gear-motor, filter 


chamber Melt is 


g chamber and 


pump operating, dropping 


chamber pressure to about 0.750 mm 
The vacuum causes the molten metal 
to boil, liberating gas 
etal The 
graduall; 


trapped in the 
boiling action subsides 
during the process and the 
pressure drops also as the melt be 
comes passive 

For further information circle No. 1711 
on literature request card, page 32-B 


Heat Treating Furnace 


lustrie nas announced a 
furnaces it 
heating and 


ve been it 


creased 0 New style ceramic 
tubes and redesigned elements and 
burner are capable of generating 
higher operating temperatures quick 
ly and economically. Atmosphere cir 
lation has been stepped up and 
maintenance costs with a 


new fan design. A completely re 


reduced 


designed quench tank arrangement 
has increased the circulation of high 
300%. The 


and low oil as much a 


quench tank itself is 50 larger and 
located as far from the heating zone 
as possible for greatest safety. Part 
low instrument guards against over 
temperatures of the quench oi 

For further information circle No. 1712 
on literature request card, page 32-1 


Germanium Rectifiers 

The Walter Div. of Norms off 
mann Bearings Corp. has announce: 
a new line of germanium rectifier 


They are available in several model 





in various amperes, d-c. output. Be 
cause there are fewer moving parts, 
maintenance costs are practically nil 
Germanium rectifiers require few 
components and have high efficiency 
so they can be small in size and can 
be installed in a small floor area 

For further information circle No, 1713 
on literature request card, page 32-B 


Coating Aluminum 


A new cold chemical finisher fo 
aluminum coating has been ar 
nounced by the Birchwood Chemical 
Co. The formula gives a soft or high 
gloss finish immediately upon appli 
cation. Only 1 min required for 
drying. It can be dipped, sprayed o1 


There 
no surface spotting or density 


applied with a rag or brush 
Varia 
tion and if left unrubbed a dull glo 
finish is obtained. If rubbed, a hig! 

glo finish will reéult. Principal us 

are in retouching and for the fabrica 
tion of small part 

For further information circle No. 1714 
on literature request card, page 32-1 


Slotting Machine 


A new screw head slotter 
of delivering up to 51,840 
blanks per hour has been anno 
by the Waterbury Farrel Foundry 4 
Machine Co, The new machine slot 
Standard or special headed, ferrou 
or nonferrous blanks, No. 6 to % in 
diameter up to 2% in. long, at 
able speeds from 60 to 864 per 
One dial, furnished as standard equip 
ment, feeds this range of blank diam 
eters, To handle other diameters the 


machine can be equipped with special 


lial The only toolir uv required } ‘a 
aw and burr-remover blades mad 
from spring steel 


For further information circle No, 1715 
on literature request card, page 32-8 


Potentiometer 


A miniature Lip chat recording 


potentiometer, weighing less than 2 
b., with standard charte and range 

copper constantan, tron constan 
ar and thermo 


chromel alumel 


couples and internal cold 


unctior 


compensation has been announced 
Westronics, Inc, This recorder, of 
null balance potentiometer type, 
rds on a 5-in, strip chart, with a per 
peed of 1 sec, full scale and an ac 
curacy of better than 0.5 \ it 
riety of chart speeds are available, 
vith 5-speed chart drive optional 
For further information circle No, 1716 
on literature request card, page 32-B 


Vacuum Gage 


A new one to four-statio vacuum 


gage which gives continuous pressure 
readings from 100 mm. to 1 micror 
Hy ha heer announced tf 


dated Vacuum ¢ orp It 


Consol 


direct-reading 
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vacuum gage. Outstanding feature of being used for making tools, drill 


. Inspection 
the instrument is its automatic jigs, 


Magnafiux Corp. has announced 
new auxiliary equipment to increase 


fixtures for holding parts du 
switching from the millimeter range ing machining, buffing and assembly, 
to the micron range. Other major and other purposes. It is as easy to 
features include wide measuring handle as modeling clay. Two hour 
range, ability to actuate an external after the addition of a special harden 
relay circuit, and connection for four ing agent, the mixture of steel and 
gage tubes. plastic becomes a rigid, steel-like 
For further information circle No, 1717 mass. No heat or pressure is required 
on literature request card, page 32-B 


inspection rates without obsoleting 
existing units. The X-1584 vertical 
contact adapter is really a special jig 
which fits any standard horizontal 


Once hard, it can be sawed, threaded, 
drilled or ground on regular metal 
Steel-Plastic Material working equipment. Devcon is avai! 


, ; able as a putty or as a viscous liquid 
Chemical Development Corp. has ' 


announced a plastic steel consisting 
of 80% steel and 20% plastic, now 


that can be poured. 


For further information cirele No. 1718 
on literature request card, page 32-B 


Theyre here! 





NEW 2% THORIATED 
Syivania Tungsten Electrodes 
--. at lowest cost ever! 


unit. Almost no installation is re- 
quired, and once installed it can be 
connected or disconnected in 2 to 5 
min. It comes with quick disconnect 
air hoses for the necessary pneumatic 
connections. Cables and attachments 
for magnetizing current are also pro 
vided. The adapter clamps on the rails 
with a lockshoe and draws power and 
air directly from the Magnaflux unit. 
The adjustable contact heads will 
handle parts 12 in. long and up to 10 
in. in diameter. 


For further information circle No. 1719 
on literature request card, page 32-B 


Temperature Control 
A new controller for use where 
temperature is to be controlled by 
Sylvania’s new 2° Thoriated Tungsten Elec- varying the flow of gas, steam, or 
trode is here-—at a lower price than you have Only SYLVANIA has other medium with an air-operated 
been accustomed to paying for similar electrodes the complete line of valve or motor has been announced by 
For specific applications Sylvania 2°, Thori- Refund Burling Instrument Co. It may be 
ated Tungsten Electrodes give you easier arc tungsten electrodes -—- 
starting, more stable arc, higher current 
capacity, longer life and increased resistance 
to weld pool contamination. 
Remember . . . there is a right Sylvania 
electrode for every job. Your Sylvania welding 
distributor will gladly recommend the correct 
electrode, For technical information, write to 





SYLVANIA ELectraic Propucts Inc 
1740 Broadway, New York 19, N. Y 
In Canada; Sylvania Electric (Canada) Lid. 


University Tower Bidg., Montreal, P Q. used in any pneumatic system up to 


50 psi. and will reduce the output or 

| ‘J 7, q branch line pressure as temperature 
oxy N NIA increases. Since it operates by the 
> 4 differential expansion of solids and 


uses no liquid or vapor fill, it is avail 
able for temperatures up to 1800°F. 
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Control is obtained by the difference 
in expansion of two concentric tubes 
actuating a pilot valve through a 
lever 

For further information circle No, 1720 
on literature request card, page 32-B 


Low-Frequency Transducers 
New low-frequency, flat-type trans 
ducers have been announced by Circo 
Equipment Co. for ultrasonic metal 
degreasing equipment. Low frequency 
ultrasonic waves, generated by bar 
ium titanate transducers of new de 


sign, curve around corners and sharp 
angles, penetrate more easily into re- 
cesses and capillaries to remove all 
dirt, oil, grease, chips and lapping 
compound from the article to be 
cleaned. The flat shape of the trans 
ducers permits them to be joined to 
any length or width. 

For further information circle No. 1721 
on literature request card, page 32-B 


Switches for Thermocouples 

For circuits where a large number 
of thermocouples or resistance bulbs 
checked or 


must be frequently 


switched from 
one instrument to 
another, or where 
one instrument 
must be switched 
to many measur 
ing points, Ther 
mo Electric Co. 
has announced 
cabinet - type se 
lector switches. These switch assem- 
blies can be used with all types of 
pyrometers, millivoltmeter or poten- 
tiometer and resistance thermometer. 
key-type, 
three-position action 


Switches are double-pole 
Cross-bar con- 
tacts are of palladium, contact springs 
are of tempered nickel silver. 

For further information circle No. 1722 
on literature request card, page 32-B 


Gas Generator 

An endothermic gas generator to 
provide atmosphere for neutral hard- 
ening or carburizing of steels has been 
announced by California Alloy Prod 
ucts Co. The retort is gas heated by 
atmospheric burners. Temperature is 
controlled at 1250° F. by a pyrometer 
operating a solenoid valve. The gas 
air mixture is pumped through the re- 
tort by a variable speed drive. A dew 
point indicator is located an the con 


trol panel. One model produces up to 
1000 cu ft of gas per hour. The analy 
sis, operating on natural gas, is nomi 
nally 40% hydrogen, 40 nitrogen, 
and 20% carbon monoxide 

For further information circle No. 1723 
on literature request card, page 32-B 


Deburring 


Lord Chemical Corp ha an 


nounced a new fine-g.ain abrasive 


compound for fast deburring and 
tock removal. It produces a smooth 
finish and good color. It is used with 
abrasive chips, generally at low water 
level, and is also suited to the self 


tumbling of small part This com 
pound should not be used where run 
longer than 6 hr. are necessary 


For further information circle No, 1724 
on literature request card, page 32-B 


Regulator 


Hauck Mfg. Co. has announced its 
new air-oil ratio regulator for con- 
trolling oil burners by the varying of 
pressures. It is designed to deliver 
the proper oi] pressure which will 
correspond to the air pressure going 
through the burners. It functions over 
a wide range of air pressures and is 


not affected by the normal amount of 








the new 


BATCH TYPE 


controlled 


atmosphere 


heat treating 
furnace 


—designed especially 
for tool rooms and small production 


This new Cooley GA-3 electric is the 
first small furnace to provide atmos- 
phere protection with a reasonable in- 
vestment and low operating costs, The 
atmosphere is generated by cracking 
alcohol and water of proportions pre- 
determined to suit the application. Steel 
may be clean hardened without decar- 
burization, or may be carburized. 

As a package unit, the Cooley GA-3 


includes a fully wired temperature con- 
trol panel and atmosphere generating 
unit. A sealed alloy retort with tightly 
closed door, automatic gas curtain and 
foot operated door mechanism are other 
features that help assure dependable, 
economical operation—with little ad- 
justment required, Write or wire for cat- 
alog — investigate the possibility of this 
new furnace for your work. 


COOLEY ELECTRIC MANUFACTURING CORPORATION 
30 SHELBY STREET + INDIANAPOLIS 7, INDIANA 


HEAT 
TREATING 
FURNACES 
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Norton Products 
For The Atomic Program 


Over half a century ago Norton 
Company first used electric furnace 
techniques to produce fusion-stabil- 
ized materials. Through the years 
Norton fusion-stabilized materials 
such as fused alumina, silicon and 
boron carbides, fused magnesia, 
zirconia, etc., have been made more 
valuable to industry and have been 
raised to new standards of quality, 


uniformity, and purity. 


Today, Norton keeps pace with 
the greatly increased demands of 
the 
melting, chemically stable ma- 


atomic age for new high 


terials. In Cleveland in Decem- 


ber, at the Atomic Exposition, 


a Norton exhibit will feature 
fusion-stabilized products and 
other products which have shown 
important potentialities for 


atomic energy applications: 


Reactor Components 
Stable boron compounds for 
reactor control elements and 
neutron shields. Ceramic and 
powder-metal fabricated com- 
ponents for fuel element appli- 


cations. 


Special Refractories 
High-purity ceramic shapes, in- 
cluding crucibles and furnace 
components for processing me- 
tals and fuel elements. 


Raw Materials 
High-purity oxide, carbide, bo- 
ride and nitride materials in 
granular and powdered form. 


In addition, Norton is presently 
developing numerous experimental 
items. The Norton research and de- 
velopment organization includes an 
engineering staff experienced in 
atomic development available for 
cooperation where electric furnace 


products may be of interest. 


Norton high-melting materials have 
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Above: Norton arc-type furnaces. 


varied applications in many fields. In 
partic ular, they are the basic ingre- 
dients of the famous Norton Refrac- 
tory R’s 


prescribed for the widest range of in- 


refractories engineered and 


dustrial uses. For further information 
write, mentioning your requirements, 
to NorTOoN COMPANY, Refractories 
Division, 333 New Bond Street, 
Worcester 6, Massachusetts. 


Below: Norton resistance-type furnace. 
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variation i 


use of thi 


oil supply pressure. The 
unit also permits a central- 
ized, single valve operation for con 
trolling the firing of multiple burners. 
For further information circle No, 1725 
on literature request card, page 32-B 


Laboratory Furnace 


A new micro-furnace has been an 
nounced by the Elizabeth Instrument 
{oo It 1s 


particularly suited to melting 


point temperature determinations, 


phase studies, sintering studies and 


other ign temperature § investiga 


under direct 


a tereo copie micro 
mie The 
» POOO” FF. in 


quickly 


furnace will 
15 min. and stabi 


temperature, The 


lluminator 
For further information circle No, 1726 
on literature request card, page 32-B 


croscope and 


ire Welding 
The new 800 ampere are welder 
hielded 
welding was introduced by 
Air Reduction at the National Metal 
Philadelphia, Oct. 17 to 21 
This machine feature constant aré 
for all 


velding application 


/ 


or ert-ga consumable 


ectrode 


Show 


automatic machine 


employing cor 


ant speed wire feed. It contair a 


three 


phase transformer and a recti 


ier bank. Coils are aluminum wound, 


yvla nsulated. Forced 


draft 


with a reversible ball bearing moto: 


cooling is provided by a fan 


Arc voltage may be pre-set over a 
range of 15 to 44 are volt The volt 
age may 


also be pre-set to provide 


higher initial voltage for ease in 


establishing the arc. Once the ar 
established, the voltage automatically, 
adjusts to the pre-set value 

For further information circle No. 1727 
on literature request card, page 32-B 


Testing Machine 


For tensile testing of fine metal 
wire and other materials, a new 200 
been 
Olsen Test 


Flexure and com 


ib. capacity testing machine has 
announced by the Tiniu 
ing Machine Co, 
pression tests can also be made witl 
this machine, Any one of eight test 
ing ranges from 0.4 to 200 
available. In place of the normal d 
indicator, recorder is mounted i: 
face of the machine. Both load and 
pecimen extension are recorded ot 


graph 


paper, Strain magnification 
rom 0.5 to 40 times are provided 
bor further information circle No, 1728 


on literature request card, page 32-18 


Brazing Furnace 
The Waltz 


nounced an electric high-t mperature 


Furnace Co. has an 


‘ 


furnace that wa pecially modified to 


incorporate a water~ ooled, controlled 
The fur 
nace is capable of producing tempera 


atmosphere cooling chamber 


tures up to 2400° F, and is suited for 


brazing operations and heat treat 
ment of all high-speed steels. It ha 
& by 6 by 14 in 

For further information circle No, 1729 


on literature request card, page 32-1 


a working space 


Infrared Heat 
Pyrosil, Ine 
portable 


introduced a new 

infrared heat lamp at the 

National Metal Show in Philadelphia 

Oct. 17 to 21. The height of the lamp 
adjustable from 48 to 66 in. Are 

120 dex. Snap-out tube are 

re placed 

For further information circle No, 1730 

on literature request card, page 32-1 








best on the job... 
United Copper Tubing! 


The new V-type sealed ends 
on UDD Copper Tubing are 
just one of many superior 
factors which have made this 
product a leading industrial 
choice in production opera- 
tions all across the country. 
UDD Copper Tubing comes 
packed in drums with sizes 
plainly marked for easy use. 


Try The United Brand 
of Rapid, Dependable Mill Service! 


Ask for New UDD Copper Tubing Folder. 


UNITED WIRE 


UDD V-Type Sealed End 
Assuring 
Moisture Free, 
Clean, Bright Surface 


Tel 


& SUPPLY CORPORATION Cz 


General Offices, Providence 7, R. | 
STuart 1-3000 
Mills at Cranston and Hillsgrove, R. | 


Sales Offices throughout the United States 
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Ostuco Welded Tubing 


Specified by men with responsibility 


OSTUCO Welded Tubing otters de. 
sign engineers unlimited latitude to cre- 
ote a variety of original but practical 
product designs. 


QUALITY 
CONTROL 


Extra strength, jes, weight, and uni- 
formity of OSTUCO tube walls insures 
top quality finished products time after 
time. No rejects here. 


OSTUCO TUBING 


SEAMLESS AND ELECTRIC WELDED STEEL TUBING 
—Fabricating and Forging 
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Sales Managers can meet _. and 


beot the competition with products in- 
corporating OSTUCO Welded Tubing 


Production runs smoother __ faster 
with OSTUCO Welded Tubing compo- 
nents. Assembly time is reduced, expen- 
sive operations eliminated. Production 
schedules are on time. 





Cost Control is easier with OSTUCO 
Welded Tubing. Low initial cost and less 
time-consuming processing mean impor- 
fant savings, 


OSTUCO’s single-source service de- 
sign (manufacturing and fabricating 
under one roof) means error-free han- 
dling of every order—large or small. 
Purchasing con relax... less follow-up 
necessary with OSTUCO, 


OHIO SEAMLESS TUBE DIVISION 
of Copperweld Steel Company * SHELBY, OHIO 


Birthplace of the Seamless Steel Tube Industry in America 


SALES OFFICES: BIRMINGHAM * CHARLOTTE * CHICAGO (Ook Pork 
CLEVELAND * DAYTON * DENVER * DETROIT (Ferndale) 
os * LOS ANGELES (Beverly Hills) * LOUISVILLE 
* NEW YORK * NORTH KANSAS CITY 
panapeureia * PITTSBURGH © RICHMOND © ROCHESTER 
ST. LOUIS © ST. PAUL © SEATTLE * TULSA © WICHITA 


CANADA, RAILWAY & POWER ENGR. CORP., LTD, 


EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY 
117 Liberty Street, New York 6, New York 





1745. Alloy Cast Iron 

64-page bulletin A-71 on engineering 
properties and applications of Ni-Resist 
Corrosion data compared with gray cast 
iron. International Nickel Co 


1746. Alloy Steel 

40-page book on applications of heat 
treated, special alloy steel. Jones & 
Laughlin 


1747. Alloy Steel 

Data book on the selection of the proper 
alloy steel grades for each manufacturer's 
needs Wheelock Lovejoy 


1748. Alloy Steel 


32-page book on abrasion resisting steel 
Properties fabricating characteristics 
uses. U. S. Steel 


1749. Alloy Steel 

16-page book on type 9115 low-alloy 
high-strength steel Properties fabrica 
tion, welding Great Lakes Steel 


750. Alloy Steel 
Comparative tables of SAE and AISI 
tandard steels and tentative standard 
steels. Babcock & Wilcox 


1751. Aluminum Die Castings 
Bulletin on design and manufacture of 
aluminum die castings. Hoover Co 


1752. Aluminum Extrusions 
28-page book on extruded aluminum 
products. Design, tolerances, applications 
Revere 


1753. Ammonia for Heat Treat 
Booklets on “Applications of Dissociat 
ed Ammonia “Ammonia Installations 
for Metal Treating”, “The Nitriding Proc- 


ess’, “Carbonitriding”. Armour 


1754. Analysis of Nickel Alloys 

52-page Technical Bulletin T-36, “Meth 
ods for Chemical Analysis of Nickel and 
High-Nickel Alloys’. International Nickel 


1755. Atmosphere Furnace 

Information on mechanized batch-type 
atmosphere furnaces for gas cyaniding 
gas carburizing, clean Sslenienl or car- 
bon restoration. Dow Furnace 


1756. Atmosphere Furnace 

2-page bulletin on controlled atmos- 
phere reciprocating hearth furnace for 
continuous hardening, light case carbu- 
rizing, Ni-Carb ammonia-gas carburizing 
and other heat treating processes. Ameri- 
can Gas Furnace 


1757. Automatic Polishing 

14-page, illustrated brochure describes 
automatic equipment for polishing, buff- 
ing and grinding. Murray-Way 


1758. Barrel Finishing 

32-page handbook on compounds for 
descaling deburring, coloring, metal 
cleaning and rust inhibition. Lord Chem 


1759. Basie Materials 

24-page booklet on Alundum, Crystolon 
Magnorite, Norbide, zirconia, carbides 
borides and other basic materials. Prod- 
ucts made from them are listed. Norton 


1760. Bearings 

2) data sheets give special properties 
and case histories for new Rulon oil-fre« 
bearing material. Dixon Corp 


1761. Beryllium Copper 
Bulletin 1 on available alloys, condi 

tions tempers and tables of sizes and 

properties, Penn Precision Products 


1762. Bimetal Applications 

3%6-page booklet, “Successful Applica 
tions of Thermostatic Bimetal 
22 uses. W. M. Chace 


1763. Blast Cleaning 

8-page bulletin 1403 on liquid blast 
cleaning equipment. Drawings of cabinet 
Pangborn Corp 


1764. Boron Additive 
6-page article on use of grainal a 
boron-additive alloy and properties of 
grainal steels. Vanadium Corp 


1765. Brass Alloys 

Bulletin on powder metal copper-zin« 
alloys gives composition, strength, elonga 
tion and special features. Dixon Sintaloy 


Inc 
1766. Brazing 


New 12-page booklet tells how to silver 
braze with preformed rings. Lucas-Mil 
haupt Engineering 


1767. Brazing Alloys 
Bulletin on application of six types of 
copper and silver brazing alloys. United 


Wire & Supply 


1768. Brazing Stainless Steel 
Illustrated booklet, “Bright Annealing 
Hardening and Brazing Stainless Steel 
describes conveyor furnace and bright 
brazing alloy. Sargeant & Wilbur 


1769. Brazing Titanium 


Data sheet on use of a new flux 
brazing titanium. Handy & Harman 


1770. Bronze 


Folder gives tables of properties, uses 
forms and other data on phosphor 
bronzes. Chase Brass & Copper Co 


1771. Bronze Bearings 
Brochure on bearing bronze. American 
Smelting and Refining Co 


772. 


describes 


Buffing Compounds 

Bulletin T-5 on buffing, liquid abrasive 
cutting, coloring compounds. Globe Com 
pound Co 


1773. Burners 

8-page reprint No. 43 on Method for 
Improving Temperature Uniformity in 
Furnaces. North American Mfg 


= . . 
1774. Carbides 

84-page catalog of sintered carbides, hot 
pressed carbides, cutting tools, drawing 
dies, wear resistant parts. Metal Carbides 


- . . 
1775. Carbon Brick 

Bulletin on properties, grades, applica 
tions of carbon and graphite bri for 
RORSENG carvers chemicals and molten 
metals ational Carbon 


1776. Carburizing 

l6-page booklet on gas-carburizing 
processes and equipment. Discussion of 
suspended carburization, carbon ri stora 
tion. Surface Combustion 

-——- . . 
1777. Castings 

12-page booklet on casting costs and 
basic considerations in making good cast 
ings. Herbert A. Reece and Assoc 
1778. Centrifugal Castings 

Folder on advantages of centrifugally 
cast thermalloy. Electro Alloys Din 
1779. Ceramic Products 

l6-page booklet gives applications of 
porcelain, stoneware a alumina 
in chemical equipment. General Ceramics 
1780. Chromate Finishing 

File on chromate conversion coatings 
for prevention of corrosion and paint 


base treatment of nonferrous metals 
Allied Research Products 


1744. Resistance Alloys 


The alloys discussed in this 150 
page loose-leaf book are designed 
for electrical resistance and ele 
tron chemical and mechanical 
upplic ations. They consist of such 
WE Cr 
SOT Ni 24 


70 tables give 


compositions as 80% Ni 
6% Ni 
Co and 16 others 


balance Cu 


complete data on the 19 alloys 
different 
for different shapes 


including resistance if 
temperatures 
and with different coatings, weight 
of wire properties umn = surface 
ireas. In addition, the book con 
tains temperature conversion tables 
mechanical, electrical and thermal 
ASTM standards that 


ipply to electrical heating, resis 


equly ilents 


tance illoys and electronic tubs 
Wilbur 


materials ind a glossary 
B. Driver Co 


1781. Chromium Cast tron 
48-page book on effects of chromium 

on properties of cast iron. Data on pro 

duction and uses, Electro Metallurgical 


1782. Cleaner 

Folder gives data on metal cleaners for 
use with water in still-tank or spray 
washing equipment. Solventol 


OA te ’ 
1783. Cleaning 

Data sheets on acid activators to pro 
mote removal of scale and oxides from 
teel and iron. Swift Ind. Chem 


DECEMBER 1955. PAGE 














h 


per inc 





oe 
ant 
017% / 1000 Hrs. 
(approx.) 











a 


015% / 1000 Hrs. 





Elongation—Inches 


(approx.) 








.002 





























250 
Time, Hours 
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1000 


Time-elongation creep curves at 900°F. show high creep resistance of “17-22-A” (S$) 
8 j 


1250 1500 1750 


How to get high turbine alloy 
performance with low alloy steel 


F you produce gas turbine parts or other parts that 

operate at temperatures as high as 1000 degrees F., you 
may feel you have to use an expensive high alloy steel. 

But you can make parts that will do the same job, and 
save strategic alloys, using “17-22-A’’ (S) steel made 
by the Timken Company. 

This steel helps you cut costs because it contains only 
4% alloy. Yet it gives maximum creep resistance up to 
1000 degrees F. The graph above shows it at 900 
degrees F, 

There are other advantages. “17-22-A" (S) resists 
heat checking and thermal cracking. It is readily work- 


SPECIALISTS 
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able up to 2300 degrees F. It’s easy to machine and 
weld. And maximum high temperature properties can 
be developed by normalizing and tempering, minimiz- 
ing the possibility of distortion and quench cracking 

For complete information on “17-22-A” (S) steel, 
and its companion analysis, "17-22-A"" (V), recom 
mended for temperatures up to 1100 degrees F., writ: 
for Technical Bulletin No. 36A. And for help with your 
high temperature steel problems, call upon our tech 
nical staff. The Timken Roller Bearing Company, Stee! 
and Tube Division, Canton 6, Ohio. Cable address 
“TIMROSCO”,. 


IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 





1784. Cleaning 

28-page bulletin on cleaning, phosphate 
coating, pickling machines and their op- 
eration. Alvey-Ferguson 


1785. Cleaning Aluminum 

12-page bulletin on cleaning process for 
preparing aluminum and magnesium for 
welding. Northwest Chemical 


1786. Cleaning Compound 

Bulletin B-6 on water displacing com 
pound for producing unspotted, dry sur- 
faces. Apothecaries Hall 


1787. Coating 

New 4-page booklet on spray coating 
for metals that preserves chemically clean 
surfaces. Fidelity Chemical Products 


1788. Compressors 

12-page data book 107-D gives engineer 
ing information on characteristics of 
turbo-compressors. 18 types of applica 
tion described Spencer Turbine 


1789. Continuous Annealing 

Article on continuous production an- 
nealing of screws, bolts, rivets. Sunbeam 
Corp 


1790. Contour Projectors 

New 12-page catalog on six models of 
contour srojectors for optical gaging 
Eastman Koc ak Co 


1791. Controllers 

80-page catalog 8305 on nonindicating 
electric, electronic and pneumatic con 
trollers for temperature, pressure and 
humidity. Minneapolis-Honeywell 


1792. Controllers 

Data sheets on indicating pyrometri 
controllers proportioning controllers 
portable controllers, pyrometer accesso 
ries. West Instrument 


1793. Copper Alloys 

40-page handbook on phosphor bronze 
nickel silver, cupro nickel beryllium 
copper. Riverside Metal 


1794. Copper Alloys 

40-page book on eleven copper alloys 
Properties, cleaning, annealing. Seymour 
Mig 


1795. Corrosion 

8-page bulletin TR-537 on ways to avoid 
boiler tube corrosion. Tubular Products 
Din Babcock & Wilcox 


1796. Corrosion Resistant 


Alloy 


Data sheet compares corrosion prop 
erties of Elgiloy and stainless steel. Elgin 
National Watch Co 


1797. Cut-Off Wheels 


Folder gives data, operating suggestion: 
and grade recommendations of cut-off 
wheels. Manhattan Rubber Div 


1798. Cutting Oil 

Facts on more efficient and economical 
plant operation through use of right lu- 
bricants described in “Metal Cutting 
Fluids” booklet. Cities Service 


1799. Cutting Oil 

Bulletin 963 on transparent cutting oil 
which is designed for use on a wide va- 
riety of steels. Sun Oil Co 


1800. Degreaser 

40-page book on properties and use of 
tr honeiien lene. Methods of handling and 
safety measures. Niagara Alkali 


1801. Degreasers 

Folders on vapor and solvent degreasers 
describe equipment and advantages. Ram- 
co Equipment Corp. 


1802. Dew Point Control 

Bulletin No. 21-C on instrument which 
indicates, records and controls dew point 
automatically. Ipsen 


1803. Die-Casting Machines 

Case histories of companies using vari- 
ous types of die-casting machines. Kuz 
Machine. 


1804. Die Castings 

Booklet on small zine die castings 
Types that can be made. Properties of 
zine die casting alloys. Gries Reproducer 


1805. Drawing and Forming 

Booklet on functions and advantages of 
wax as a lubricant in metal forming op 
erations. S. C. Johnson & Son 


1806. Dryers 

24-page bulletin No. 222 shows installa 
tions of air drying equipment in variou 
industries. Pittsburgh Lectrodryer 


1807. Ductile Iron 

New 28-page bulletin gives advantages 
and applications of ductile iron. Prop 
erties. International Nickel Co 


1808. Electric Furnaces 
Bulletin on electric heat treating fur 

naces gives summary of progre 

nace developments. Holcroft 


1809. Electric Furnaces 

Catalog of electric furnaces and ovens 
for hardening tempering annealing 
drawing drying baking enameling 
Cooley Electric Mfg 


1810. Electric Furnaces 
Brochure on electric heat treating 

melting, metallurgical tube, research and 
sintering furnaces. Pereny Equipment 


1811. Electric Melting 

Bulletin 527 on compact are furnace 
Melt time and power consumption for 
four alloys. Detroit Electric Furnace 


1812. Electron Microscope 
New 20-page booklet on special features 
and uses of electron microscope. RCA 


1813. Extensometer 

8-page bulletin on extensometers for 
sheet metal and wire, compressometers 
defectometers and other 
Baldwin-Lima-Hamilton 


1814. Extrusion Presses 

8-page bulletin on aluminum extrusion 
presses describes the process and presses 
at work. Watson-Stillman 


1815. Extrusions 

New booklet on hot extruded and cold 
drawn sections gives advantages 
& Laughlin 


1816. Extrusions 

New 20-page booklet on extruded rod 
and bar stock in beryllium copper, be- 
ryllium aluminum and beryllium nickel 
alloys, beryllium metal and oxide. Beryl 
lium Corp 


1817. Fatigue of Magnesium 
18-page paper, “Plastic Flow and Work 
Hardening a in Magnesium 
Alloys During Fixed-Deflection Fatigue 
Tests Dow Chemical 


1618. Finishing 

Catalog A-654 gives complete story on 
planning industrial finishing systems and 
shows many installations of cleaning and 
pickling machines. R. C. Mahon 


1819. Finishing 

52-page book “Advanced Speed Finish 
ing” describes equipment for deburring 
and finishing. Almco Dis 


1820. Flow Meters 


Bulletin 201 on flow meter for gas used 
in heat treating. Waukee Eng'g 


1821. Fluoroscopy 

12-page booklet on fluoroscopy for non 
destructive internal inspection. Explains 
image amplifier. Westinghouse Electric, 
Industrial X-Ray Dept 


in fur 


accessories 


Jones 





no standard 
is too exacting 


Temper requirements for the thin nickel 
strip (.002") used in sensitive electronic 
tubes were too exacting to be checked 
by the usual methods. So Somers care- 
fully hand checks several samples from 
each lot by the ultra-precise “bend 
test” illustrated above. 


Since 1910 Somers Brass Company 
has specialized in producing thin strip 
nickel and its alloys below .020" and 
copper and its alloys below .012” with 
the tensile properties, fatigue resis 
tance, drawing properties and many 
other requirements which only the most 
exacting standards of production and 
quality control can meet. 

Whatever your specifications may 
be, why not take advantage of Somers 
long experience? Write for field engi- 
neer or Confidential Data Blank for a 
complete survey of your problem at 
no cost or obligation. 


ZACTING STANDARDS 
at On, 


4° r 


Somers Brass Company, Inc. 
WATERBURY, CONN 
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NICKEL SILVER « PHOSPHOR BRONZE . BRASS 


For over three quarters of a century, industry's nonferrous metal users have said .. . 


“SPECIFY SEYMOUR, YOU KNOW IT’S GOOD!” 


NICKEL SILVER ALLOYS 


Alley Number 


speciby 





10A7-10% 
Forming 
71.5% 
10.0%, 
18.5% 
1950 
0.314 
0.0000090 
% 


17,500, 


12A1-12% 
Forming 

65% 
12% 
23% 
1900 
0.314 

0.0000090 

8% 


12A4-12% 
Spring 
56.5% 
12.0% 
31.5% 
1870 
0.312 

0.000009 | 
7.5% 


18,000, 


15A1-15% 
Forming 
65% 
15% 
20%, 
1970 
0.314 
0.0000090 
7% 


18,000, 


18A1-18% 
Forming 

65% 
18% 
17% 
2030 
0.316 

0.0000090 

6% 


18,000, 


18A4-18% 
Spring 
55% 
18% 
27% 
1930 
0.314 

0.0000093 
5.5% 


Matas Peted Bia) PP cccccvcvcccecccccseses 
Dees CTOs Bre csvcdiscdsccccevevcece se 
Aver. Linear Coefficient of Expansion per °F 
Electrical Conductivity 1ACS 


Medulus of Elasticity 
(Tension) Thousands p.s.i..........666665 























PHOSPHOR BRONZE ALLOYS 





Melting Point (Liq.) °F 

EAE, Dccccssbeccecccccvccescese 
Aver. Linear Coefficient of Expansion per °F 
Electrical Conductivity IACS 


Medulus of Elasticity 
(T i ) Th a 








971-3% 
97% 
3% 
1950 
0.321 
0.0000099 
22% 


15,000, 


950-5% (A) 
95% 
5% 
1920 
0.320 

0.0000099 
16% 


15,000, 





928-8% (C) 
92% 
8% 
1880 
0.318 

0.0000101 
13% 


15,000, 








910-10% (D) 
90%, 
10% 
1830 
0.317 

0.0000 102 
11% 


15,000, 





BRASS ALLOYS 





Melting Point (Liq.) °F 
Demet, Ma fems Mieveccsccccesccescccccsces 
Aver. Lineer Coefficient of Expansion per °F 
Electrical Conductivity 1ACS 


Medulvus of Elasticity 
(Tension) Thousands p.s.l.... 6.66 ccc ee eeee 


265 
Yellow 
65% 
35% 
1710 
0.306 
0.0000113 
27% 








270 
Cart, 70% 
70% 
30%, 
1750 
0.308 
0.0000111 
28% 


16,000, 





280 


lew, 80% 


80%, 
20% 
1830 
0.313 


0.0000 106 


32% 


16,000, 





285 
Red, 85% 
85% 
15% 
1880 
0.316 
0.0000104 
37% 


17,000, 





287 
Jwiry, 87.5 
87.5% 
12.5% 
1895 
0.317 
0.0000 103 
407%, 


17,000, 








SEND FOR YOUR FILE OF SEYMOUR TECHNICAL DATA 
THE SEYMOUR MANUFACTURING COMPANY © SEYMOUR, 


METAL PROGRESS; PAGE 28 





1822. Forging 

20-page bulletin 355 on steam drop ham- 
mers imension, designs, construction. 
Erie Foundry Co. 


1823. Forgings 

Folder on large forgings of carbon and 
alloy steel. Struthers Wells Corp., Titus- 
ville Forge Div 


1824. Forgings 

94-page book on die blocks and heavy- 
duty forgings. 20 pages of tables. A. Finkl 
& | bn 


1825. Furnace Belts 

44-page catalog describes metal belts 
for quenching, tempering, carburizing and 
other applications. Ashworth Bros 


1826. Furnace Fixtures 

16-page catalog on baskets, trays, fix- 
tures and carburizing boxes for heat 
treating. 6 designs. Stanwood Corp 


1827. Furnace Maintenance 
16-page “Maintenance Guide for Elec- 

tric Heat Treating Furnaces” on pre- 

ventive program. Hevi Duty Electric 


1828. Furnaces 
Data on luminous wall forging furnaces. 
A. F. Holden 


1829. Furnaces 


Folder giving drawings, dimensions, 
capacity, Btu. required for drawing, an- 
nealing, forging. Gas Machinery 


1830. Furnaces 


Bulletin on electric heat treating fur- 
naces describes five series and accessories 
Lucifer Furnaces 


1831. Furnaces 

Folder describes complete set up for 
heat treatment of small tools, including 
draw furnace, quench tank and high 
temperature furnmece. Waltz Furnace 


1832. Furnaces 

32-page catalog of industrial equipment 
includes furnaces and furnace accessories, 
special valves, mechanical equipment, 
materials handling equipment. Salem- 
Brosius 


1833. Furnaces 

High temperature furnaces for tempera- 
tures up to 2000° F. are described in 
bulletin. Carl-Mayer Corp 


1834. Furnaces, Heat Treating 

12-page bulletin on conveyor furnace, 
radiant tube gas heated, oi! or electrically 
heated. Electric Furnace Co 


1835. Furnaces, Heat Treating 

32-page catalog on high-speed gas fur- 
naces for heat treating carbon and alloy 
steels; also pot furnaces for salt and lead 
hardening. Charles A. Hones 


1836. Gamma Ray Projector 
Data on three radiation projectors for 
nondestructive testing and inspection 


Metal & Thermit 


1837. Gas Analysis 

Data sheet on micro combustion fur- 
nace for carbon, hydrogen, nitrogen and 
oxygen analyses. C. A. Brinkmann & Co 


1838. Gear Tester 
Folder gives description of tester and 
operating procedures. Arch Instrument 


1839. Gold Plating 

Article on analysis of gold and gold 
alloy plating solutions gives all currently 
available procedures. Technic 


1840. Graphite 


20-page brochure on significance of 
graphite as electrodes, anodes, molds and 
specialties in electrometallurgy and elec- 
trochemistry. Great Lakes Carbon 


1841. Graphitic Tool Steels 


48-page booklet on heat treating data 


properties and 46 specific applications of 
graphitic tool steel. Timken 


1842. Grinding Wheels 
New 22-page booklet contains articles 
on how to select wheels for precision 
rinding of tool and constructional steels 
orton Co. 


1843. Handling Devices 
Pamphlets on clamps for lifting and 
handling. Their application to various in 
dustries. Merrill Bros. 


1844. Hardness Tester 


20-page book on hardness testing by 
Rockwell method. Clark Instrument 


1845. Hardness Tester 

4-page bulletin on tester for both super 
ficial and regular hardness testing or 
sion Balance Co 


1846. Hardness Tester 

New bulletin on Wolpert-Gries Micro- 
Reflex hardness tester for loads from 10 
to 3000 g. Gries Industries, Inc 


1847. Hardness Tester 

Bulletin on Impressor portable hardness 
tester for aluminum, aluminum alloys and 
soft metals. Barber-Colman 


1848. Hardness Tester 


Literature on Brinell testing machines 
Detroit Testing Machine Co 


1849. Hardness Testers 

Catalog of testers for normal hardness 
superficial testing, accessory and special 
testing and micro and macro hardness 
testing. Wilson Mechanical Instrument 


1850. Heat Exchanger 
Bulletin 124 on heat exchanger for cool 
ing water, oil and other liquids and gases 

in many industries. Niagara Blower 


1851. Heat Treating 
16-page booklet on cost accounting for 
heat treating. Metal Treating Institute 


1852. Heat Treating 

Handy, vest-pocket data book has 72 
pages of charts, tables, diagrams and fact 
ual data on steel specifications, heat treat- 
ments, etc. Sunbeam 


1853. Heat Treating 

24-page booklet on how to plan a tool 
room heat treating department gives sev 
eral layouts of furnaces and auxiliary 
equipment. Lindberg Engineering Co 


1854. Heat Treating 

Bulletin 14-T on ovens for heat treat 
ment of aluminum and other low-tem 
perature processing. Young Bros 


1855. Heat Treating Fixtures 
12-page bulletin on wire mesh baskets 
for heat treating and plating. Wiretez 


1856. Heat Treating Fixtures 

New 32-page Catalog G-10 covers heat 
and corrosion resistant fabricated alloy 
products. Includes furnace muffles, trays 
fixtures, retorts, pit-type furnace equip 
ment, salt bath equipment, pickling and 
plating equipment. Rolock, Inc 


1857. Heat Treating Fixtures 

24-page catalog on heat and corrosion 
resistant equipment for heat treating and 
chenical processing. 30 classifications of 
equipment. Pressed Steel 


1858. High-Alloy Castings 
Bulletin 3150-G on castings for heat 
corrosion, abrasion resistance. Duraloy 


1859. High-Strength Steels 

48-page booklet on applications of seven 
nickel-copper high-strength low-alloy 
steels. International Nickel Co 


1860. 


High-Temperature 
Alloys 

_“Haynes Alloys for High-Temperature 
Service” summarizes all available data on 
10 superalloys and lists physical and me 


chanical properties of two newly devel 
oped alloys. Haynes Stellite 


1861. High-Temperature 


Steels 
87-page book on factors affecting high 
temperature properties. 45 pages of data 
on tensile, creep and rupture properties 
of 21 high-temperature steels. U. S. Steel 


1862. Identifying Stainless 
Cardboard chart outlining systematic 
method for rapid identification of un- 
known or mixed stocks of stainless steels 
Carpenter Steel 

863. Immersion Heating 
4-page bulletin H-1ll on correct selec- 
tion, sizing and installation of equipment 
for immersion heating. Eclipse Fuel Eng 


1864. Impact Testing 
Bulletin on machine for Izod, Charpy 
and tension testing Riehle 


1865. Induction Furnace 

New 4-page folder on combination in 
duction melting and holding furnace and 
automatic pouring unit. Ajax Engineering 


1866. Induction Heating 
24-page bulletin on low frequency in 

duction heater for preheating and nor 

malizing for welding. Electric Arc, Inc 


1867. Induction Heating 
36-page bulletin on high-frequency in 
duction heating unit for brazing, harden 
ing, soldering, annealing, melting and 
bombarding. Lepel 


1868. Induction Heating 

New 12-page bulletin gives descriptions 
technical data on various sizes. Water sys 
tems diagrams and standard accessory 
equipment, High Frequency Heating Diw., 
Lindberg Engineering 


1869. Induction Heating 
60-page catalog tells of reduced costs 
and increased speed of production on 
hardening, brazing, annealing, forging or 
melting jobs. Ohio Crankshaft 


1870. Induction Heating 

12-page Bulletin 13-A on high frequency 
induction furnace for forging, upsetting 
spinnin annealing, hardening. Ajax 
Electrothermic 


1871. Induction Heating 

8-page bulletin on forging with induc 
tion heat includes case histories, bene 
fits to the forging industry. General Ele« 
tric 
1872. Induction Heating 
Control 

New Bulletin HT-1 on automatic tem 
perature control for induction heating 
pny meee Types of control, components 
of induction heaters. Minneapolis-Honey 
well 


1873. Industrial Fans 

Catalogs on various kinds of industrial 
fans exhaust, multiblade, backward 
curve, for high temperatures. Garden 
City Fan 


1874. Industrial Heating 

20-page handbook classifies industrial 
ovens and gives pointers on oven selec 
tion. Michigan Oven Co 


1875. Infrared Analyzer 

4-page data sheet on infrared gas an 
alyzer describes instrument, its operation 
ind maintenance. Leeds & Northrup 


1876. Instruments 

Catalog of temperature, pressure, ré 
cording, controlling and indicating in 
struments for the metal industry. Taylor 
Instrument Companies 


"= 
1877. Insulation 

4)-page industrial products catalog on 
insulations, refractory products, and oth 


ers. Johns-Manville 
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A SHORT CUT TO A FINISHED PRODUCT 





‘ . 
CUT POLISHING COSTS IN HALF WITH foun pile 
the new superfine-grain drawing brass with the built-in finish 


The secret is in the grain: Special meth 


ods af rolling and annealing produce 


in Formbrite* a grain structure so fine 
that often a simple color buft will 
bring it to a bright, lustrous finish 
stiffer 
springier and more scratch resistant 


Formbrite is also harder 
yet it is surprisingly ductile, readily 


stamped formed, drawn, and em 


bossed. And Formbrite plates beauti 


fully 

More and more « ompanies are using 
Formbrite to cut their polishing costs 
and get superior produc ts—at no extra 
cost over ordinary drawing brass. They 
often save more than the cost of the 
metal itself 
Globe Lighting Products: Keports say 
ings in polishing cost of from 26° to 


55°) in various components of their 
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high-quality, solid brass lighting fis 
tures. Work pile ups were eliminated 
in the polishing room, too 

Farrington Mfg. Co.: Rejects after pol 
ishing dropped from 11% to under I' 

ifter switch to Formbrite in frames for 
“iewel-box” case for an electric shaver 
A better 


through the automatic 


finish in one faster pass 
polishing ma 
chine 


Polishing 


nm deep drawn pe n, pen 


Jarco Metal Products, Inc 
costs cut 40° 
cil, and lipstick cases. Uniformity of 
Formbrite eliminated shutdowns for 
adjustments in long-run production 
Spill-Stop Mfg. Co.; Saved enough in 
polishing cost to avoid price increases 
despite increased labor and material 
costs Reports Formbrite fabricates al 
most as readily as the softest dr iwing 


brass uniformity of gage in Form- 
brite has simplified manufacture 

Find out for yourself how Formbrite 
can serve you as a short cut—save you 
money. See your American Brass Com 
pany representative Write for Publi 
cation B-39 Address The American 
Brass ¢ ompany Waterbury 20, Conn 
In Canada: Anaconda American Brass 
Ltd.. New Toronto. Ont 


Pond 


my oy 5 


FINE-GRAIN DRAWING BRASS 


an AN ACONDA | product 


made by 
The American Brass Company 


7 
tse 








1878. Joining Stainless 
24-page booklet on various welding 

methods, soldering, brazing, flame cuttin, 

and arc cutting of stainless. Crucible Stee 


1879. Leaded Steel 

Folder on lead-bearing, cold finished 
bars which machine about 80% faster 
than B1113. LaSalle Steel 


1880. Leaded Steel 

8-page bulletin gives chemical compo- 
sition, mechanical properties and case 
studies showing machining production 
rates of Ledloy, lead bearing steel. Ryer- 
son 


1881. Lithium 


Set of data sheets on lithium metal, 
lithium compounds. Uses of lithium in 
porcelain enamels, foundry, treatment of 
copper-base alloys. Lithium Corp. 


1882. Lubricant 


Bulletin 103A on fringe area lubrica- 
tion with molybdenum disulfide lubri- 
cants for extreme bearing pressures and 
all temperatures. Alpha Corp 


1883. Lubricant 


Bulletin 426 on use of colloidal graphite 
for forging, wire drawing, piercing, draw- 
ing, extrusion and other metalworking 
operations. Acheson Colloids 


1884. Lubricant 

8-page folder describes use of molyb- 
denum disulfide lubricant in cold form 
ing, cold heading and other applications 
Case histories A pha Corp 


1885. Machining Alloy Steels 

24-page bulletin on economical combi- 
nation of microstructure, tool form, cut- 
ting speed and feed for each machining 
operation. International Nickel 


1886. Machining Copper 
32-page booklet gives cutting speeds 
feeds, rakes. clearances for more than 
40 copper alloys. American Brass 


1887. Machining Titanium 
Four discussions of methods, problems 

chip formation in grinding and machin 

ing titanium. Cincinnati Milling Machine 


1888. Magnesium Alloys 
Loose-leaf folder of data and tables on 
chemical specifications, properties, extru 
sion, machining operations. Brooks and 
Perkins 


1889. Magnesium Finishing 
128-page book describes all methods for 
finishing magnesium. Dow Chemical 


1890. Melting Furnaces 
28-page catalog on Heroult electric 

melting Types izes 

rating American Bridge 


1891. Melting Guide 

Selector guide for heating equipment 
and control for solder, tin and lead melt 
ing. General Electric Co 


1892. 


furnace capacities 


Metallographic 
Equipment 

12-page catalog E-29 describes bright 
field equipment for visual observation 
and photography. Bausch & Lomb 


1893. Metallurgical Products 
Chart of typical chemical analysis and 
commercial uses of zirconium oxides, sili- 
cates, soluble salts, metallurgical and 
foundry alloys. Titanium Alloy Mfg 


1894. Microhardness Tester 
Bulletin describes the Kentron micro 
hardness tester. Torsion Balance Co 


1895. 


Microscopes 
Catalog on metallograph and several 
models of microscopes. United Scientific 


1896. Microscopes 
New 8-page catalog D-1053 on Dynoptic 
etallurgical microscopes describes in 


struments and gives specifications. Bausch 


& Lomb 
1897. Molybdenum 


72-page book gives data on unalloyed 
molybdenum and four arc-cast alloys 
Several pages of references. Climax Mo- 
lybdenum 


1898. Nickel Alloys 

40-page book gives corrosion, physical 
and mechanical properties of Hastelloy 
alloys; 13 pages of fabrication data 
Haynes Stellite 


1899. Nickel Silver 

o~ ¢ general catalog on nickel sil- 
ver anc oo shor bronze alloys in sheet, 
strip and coils. Waterbury Rolling Mills 


1900. Nitriding Furnace 

Bulletin 646R on carburizing and nitrid- 
ing furnace giving atmosphere circulation 
to 1850° F. Hevi Duty 


1901. Nitrogen Generator 
New 6-page bulletin No. I-100 gives 
flow diagram and explains operation. C 


M. Kemp Mfg. Co 
1902. Nondestructive Testing 


Series of bulletins gives data on both 
ultrasonic and magnetic testing instru- 
ments. J. W. Dice Co. 


1903. Nondestructive Testing 

8-page bulletin on equipment for non 
destructive testing of _ rods, tubing 
Magnetic Analysis 


1904. Nonferrous Wire 


Folder gives wire gage and footage 
chart and data on beryllium copper, pho: 
phor bronze, nickel, silver, brass and alu- 
minum wire. Little Falls Alloys 


1905. Oil Quenching 

8-page brochure tells in detail how 
carbon steel often can replace alloy steel 
when additive is used in the quenching 
oil, Aldridge Industrial Oils 


1906. Phosphate Coating 

12-page “Phosphate Coating Chemicals 
and Processes’ gives data on paint bond 
ing, rust proofing, protecting friction sur 
faces, improving drawing and extrusion 
American Chemical Paint 


1907. Pickling Baskets 
Data on baskets for degreasing, pick 
ling, anodizing and plating Selif 


1908. Pickling Baskets 
12-page bulletin on mechanical picklers 

crates, baskets, chain and accessorie 

Youngstown Welding & Eng'g 


1909. Plating Machine 

Bulletin B50-54 on automatic plating 
machine. How it works, maintenance 
special adaptations, construction. Wagner 
~~ 


1910. Polishing 

Folder on Kon-Toor abrasive polishing 
wheel for rotary, straight-line and semi 
automatic setups. Behr-Manning Dit 


1911. Polishing Materials 

2-page booklet includes samples of 
emery, aluminum oxide and silicon car 
bide papers and 12 polishing cloths 
Buehler, Ltd 


1912. Porous Chromium 

12-page bulletin on hard, porous chro 
miurm coating for cylinder bores and 
bearing surfaces. Van der Horst 


1913. Potentiometer 

4-page data sheet on potentiometer for 
instrument checking and temperature 
measurements. Leeds & Northrup 


1914. Potentiometer 
Bulletin on high-speed recording d 
master potentiometer. Bristol Co 


(Continued on p. 32A) 


XAC]EMP 


Low Temperature - General Purpose 


HAND PYROMETER 


’ 
“ye 

Type LT-840 

low temperature 

Xactemp Pyrometer 

with rigid extension 

orm ond surface 


tip thermocouple 


1001 USES 


This is the answer to 
quick, accurate tem 
perature readings below 
800° F. in many industrial 
processes and operations. 
And it's so convenient to 
handle. 

The Xactemp hand-type 
pyrometer, Model LT-840, is 
used with needle thermocouples, rib 
bon thermocouple, surface tip ther 
mocouple, and other specially de 
signed thermocouples and extension 
arms. These are easily interchange 
able and, without adjustments or 
recalibration of the instrument, quick 
ly ready it for measuring the surface 
temperature of stationary and re- 
volving rolls and cylinders, flat and 
irregular surfaces of molds, dies, etc. 
in rubber and paper making, plastic 
materials, rubber, wax, oils, greases, 

and other semifivid materials 
Handy, compact design makes this 
Xactemp pyrometer ideal for field 
service, laboratory, and production- 

line use. 


Price Xactemp Pyrometer less thermocouples 
$56.50 
Write for detailed, descriptive litera- 
ture on Gordon Xactemp Pyrometers 


‘GORDON: 
+f SERVICE:>: 
CLAUD S. GORDON Co. 


Manufacturers & Distributors 
nocouple Supplies « industrial Furnaces & Ovens 
Pyrometers & Controls « Metallurgical Testing Machines 

613 West 30th Street, Chicage 16, Illinois 
702i Hamilton Avenue, Cleveland 14, Obie 


Ther 


ES 
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Another Reason So Many People 
Insist On B&W Pressure Tubing 





sae Hh 


TALK ABOUT TOLERANCES!! 


In oil fields, refineries, chemical 
plants—wherever heat transfer is 
important—you'll find Griscom- 
Russell heat exchangers on the 
job. The Griscom-Russell Com- 
pany uses B&W Pressure Tubing 
to help build its reputation for 
efficient equipment. There's no 
jamming or tube distortion when 
threading B&W tubing through 
tube sheets and baffle plates. This 
preoccupation with close toler- 
ances—a workaday rule at both 
B&W and Griscom-Russell—as- 
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sures closer control, greater effici- 
ency in many heat transfer opera- 
tions. In addition, B&W Pressure 
Tubing is famous for uniform 
ductility, tight joints, ease of roll- 
ing in, and low installation cost 
in any heat exchanger or con- 
denser application. 

For the complete story of how 
B&W Pressure Tubing can im- 
prove your operation, why not 
call in Mr. Tubes, your link to 
B&W. Or write today for Bulletin 
TB-329 MP. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Beaver Falls, Po and Milwouvkes, Wis Seamless Tubing 
Welded Stomless Stee! Tubing 
Allionc®, Ome Welded Corben Ste Tubing 
Milwaukee, Wis Seamless Welding Fittings 


TA-5022(P) 
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1915. Precision Casting 

12-page book on alloy selection 4 
sign for precision casting. Arwod 
ciston Casting 


1916. Precision Casting 
8-page bulletin on investment ¢ 

of various ferrous and nonferrous 

Engineered Precision Casting 


1917. Protective Coating: 

Guide to chemicals and proces 
metal protection American ch 
Paint 


1918. Pure Metals 


Data sheets on vacuum melted 
copper, iron and nickel. Vacuum 


1919. Quenching Oil 

New book on mechanism of que 
properties of quenching mediums 
ing curve Gulf Oil 


1920. Quenching Oil 

10-page book on new oils f 
quenching process gives results 
wire quench test and in plant op 
Sinclair Refining Co 


1921. Radiation Detector 

Zulletin 9320 on high-speed ra 
detector gives operating principli 
plications specification Minné 
Honeywell 


1922. Radiation Protectis 

12-page booklet on films for def 
ing amount of radiation. Used in n 
laboratories, nondestructive testia 
oratories. Du Pont 


1923. Rare Earths 

8-page Progress Report Nunj 
“Rare Earths in Iron and Steel Mj 
Molybdenum Corp 


1924. Refractories 

4-page bulletin on properties 4 
plications of corundum-base ref] 
Chas. Taylor Sons 


1925. Resistance Testing 
Bulletin 100 on production te 
measuring electrical resistance. § 


1926. Resistance Weldinj 
24-page catalog on equipment 
sistance welding includes referef 
bles and property and application 

Ampco 


1927. Rhodium Plating 
Data o1 propertie thickness 
ee costs operatior appli 


Techni 


1928. Roll Formed Shap 
de: 


24-page julletin 1053 mn 


BARBER Wheeleo 
Flame-otrole 


COLMAN 


FREE AUTHORITATIVE DATA 
FOR ENGINEERS WHO SPECIFY 
COMBUSTION SAFEGUARDS 


No. 1—Flame-otrol Application 
Data, Quick Check Chart 





No. 2—Flame-otrol Application 
Data, Conductivity-Rectifica- 
tion System 





No. 3—Flame-otrol Application 
Data, Infrared ‘‘IR"’ System 





No. 4—New Flame-otrol Cata- 
log describes Controls, Sensing 
Systems, and Control Centers 





If you make or use industrial heating 
equipment, you'll want these new booklets! 


Complete flame supervision, no matter what the ty; 

Wheelco's broad line of industrial electroni 

Flame-otrol units can be applied to oil- or gas-fired ; 
kilns, and driers with any type of conventional ind sensing element 


Booklets offered above describe the flexibility of application possible with 
Wheelco Flame-otrol units and show how these units have been engineered 
to the job of flame detection and control. Years of research in the field of 
combustion safeguards have re ted in the engineering features now contained 
in the Flame-otrol system. Contributing to dependal performance of these 
systems are such features as: compact, plug-in ign ) ty construction 
safety-type terminal strip; standard electronic tubes i convenient checking 
strips 


Call your Wheelco field engineer for assistance in designing and specifying 
combustion safeguard systems 


NEW WHEELCO FLAME-OTROL 


na du 
improved flame 


combination gas 
WHEELCO INSTRUMENTS DIVISION 


Barber-Colman Company 


Dept. X, 1518 Rock Street, Rockford, Illinois 


BARBER-COLMAN OF CANADA, Ltd., Dept. X, Toronto and Montreal, Canada 


mstruments.Automot nt eA ‘ ‘ ts.A ‘? ‘ 7 MA 


Overdoors and Operators « Molded § ts» Met tting » Machine Textile M 
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Precision Casting 


forming and producing shap« 
re and nonferrous metals. | 
Products Co 


12-page book on alloy selection and de 
precision casting. Arwood Pre 1929. Roll Forming 
isting Sulletin 854 on roll forn 





Solder 


er oft a ie! 


1943. 


4 } Viet 


1944. 





es P ed shape Americe tolle ie ¢ 
1916. Precision Casting 7 ’ wie 
8-page bulletin on investment castir 1930. Rust Preventives 
of various ferrous and nonferrou ALLOY 12 page bulletin or wate! ble 
Engineered Precision ( asting reventive Production pe tie: 
917 » ~otive ati ‘ — 
I 1 7. Protective Coatings 1931. Salt Bath Carburizing 
Guide to chemi and processes f — ‘ " , oi 
metal protection Americar Che +h, = _ _— = Fp) tee ‘ , : 
Paint “y mr a _ i <i(t ro ive 
1918. Pure Metal 
° iis 2 
. 1932. Salt Bath Furnaces 
Data sheet n vacuum melted rt Dat 4 ‘ ‘ 
copper, iron and nickel. Vacuum Met vals , - pats a — . 
ind conveyo ed work ptor 
1919. Quenching Oil 
: ’ K 1933. Salt Baths 
New book on mechanism of qu I 
propertic of quench mediur Data on electric and 
ing curves. Gulf Oil aces. Be 
1920. Quenching Oil 1934. Salt Baths 
10 page book on new oil for the {-page bulletin or ilts f{ ‘ 
quenching proce give result on hot nneaiing, neutral I ler ‘ 
wire quench test and in plant operat ng and carbu ng. He 
yinclair Refining Cx E. F. Houghton 
1921. Radiation Detector 1935. Saws 
julletin 9320 on high-speed radiatior Catalog C-53 de | 5 mode rf 
detector gives operating principl« ip etal-cutting sav Ay ong-Bl 


plication 


Hone ye 
1922. 
12 page 
ing’ amot 
laborator 


oratorie 


1923. 
5-page 
Rare Ex 
Molybde 
1924. 
4-page 


plication 


Chas 


bles 


Ta 


1925. 
Bulleti 
measurir 
1926. 
24-page 
istance 
and 
Ampco 


1927. 
Data 


om 
echni 
1928. 


24 pare 


pecificatior 


ll 


Minne pol 


1936. 
Bul 


Selective 


letin on “No-Car 


Carb 
b” for 


urizer 


Radiation Protection burizing and prevent a Gt 
booklet on films for determin on high alloy tee luring heat f 
int of radiation. Used in researct ardening. Park Che cal 
ies, nondestructive testing lal _ 
Du Pont 1937. Selective Heat Treating 
: rticle in eat Treat : ‘ ech 
Rare Earths ' i 4 oslo a — te Ht age ke 
Progress: Report Number l xle shafts. Surface Combustior 
irths in Iron and Steel Melting 
num Corp 1938. Shotblasting 
. . 16-page “Primer on the Use of Si ! 
Refractories Grit". Problems of blast cleanir 
bulletin on properti« and ay tions. Hickman, Williams 
of corundum-bas« refract 


jlor Son 


1939. 


Silver Brazing 


Spark Testing 
park test guide feature | 
1945. Spinning 
‘ ‘ f , 
> } e ¢ 
1946. Stainless Bars 
5- page ecnnical DOOK | ta r 
} nohicle —a 
} é ng. f £ 
1947. Stainless Steel 
nk ead flange G. O. ¢ 
1948. Stainless Steel 
Dat 178 tre ipture 
tie { ) lur Ke tainle 


Babco &® WV r ( 


5 a W 


1949, Stainless Steel 
D gr Handbook 5, r 


pecificat pI cat 


1950. Stainless Tubing 
age catalog ect 20. on 


fabrication and working, pich 


Sectior m welding olde 

Drazing, machinabilit of heat re 
tec Superior Tube Co 
1951. Stainless Wire 

New 32-page aid to selection of | ‘ 
t es teel wire ft particula 

on 1scu “ istenitic ferritik 

irten th h i¢ ( i Hle Steel 
1952. Stampings 
tamping can list specificatior 
lowe cost La nated § ( 
1953. Stamping 
f heading. | A At 


1954. Steel Terms 


: i “ 48-page manual on all pect f 
Resistance Testing brazing applications and problems. A 
n 100 on production tester fo can Platinum Worl 
iz electrical resistance. Rubicor 
1940. Sintered Carbides 
Resistance Welding New 24-page booklet the cl 
catalog on equipment for re istics of the various grads f ‘ 
welding includes reference ta ind design engineer Kenn 
property and application chart 
1941. Sodium 
Ne 23-page booklet r 
Rhodium Plating n disper -,y* tell he ‘ 
on propertst thickness re re prepared and handied r 
cost operation application intage Ethyl Cor; 
1942. Sodium Metal 
Koll Formed Shapes M4-page book on sodiu 
julletin 1053 on designing i pread ove inert } 
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HOLCROFT 
and the 
ROTARY 

FURNACE 











high production in small space 





Production rates frequently bog down when floor space limitations 


prohibit large equipment purchases 


That's why—when the problem is heat treating—many companies 
turn to Holcroft for answers Experien e— imaginative engineering - 


versatility of products—all team up to provide answers 


For example, the solution to the problem above could conceivably 
be a rotary furnace; with one or two doors for loading and unloading 
and a rotating hearth which carries the stock through the heat treat 
cycle. The hearth can be of a heat-resistant alloy or a refractory 
material—can be suspended from above or supported from below 
Rotary furnaces can be tunnel-type, grid-type, drum-type, or 


rotating retort 


Of course, this is only one of the many kinds of stock handling which 
might be suggested by Holcroft. Your problem probably will be 


different and Holcroft will have the answer 


Write today for a copy of Holcroft’s illustrated book: 
“Blazing the Heat Treat Trail.” It's bound to give you food 
for thought 


HOLCROFT anD COMPANY 


owns 
ane =) 6545 EPWORTH BOULEVARD + DETROIT 10, MICHIGAN 
Se ee es p ‘ — » @mpeee « 
wren wee . j 4 WEA REA FURNACES FOR EVERY PURPOSE 
CHICAGO | . EVELAND OHIO e DARIEN NN oH TON TEXAS « ANGELE ALIFE « PHILADELPHIA PA 
CANADA Walker Metal F jucts, Ltd. Wind jnta 
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dustrial assembly lines and research 
oratories. Bausch & Lomb Optical 


1956. Strain Gages 

8-page bulletin on how to measurs 
strain, types of strain, types of member 
environmental conditions 
Engineering Corp 


ay > — 
1957. Tanks and Linings 

16 pages of data on tanks and corrosion 
resistant linings for cleaning and plating 
solutions. Chemical Corp 


1958. Temperature Control 

New 8-page bulletin on temperatures 
control systems contains selection guide 
terminology, types of control system 
Wheelco Instrument Div 


1959. Temperature Control 

36-page bulletin P1245 on new elec 
tronic instruments for recording and in 
dicating variables. Bristol Co 


1960. Test Chamber 

4-page booklet on controlled humidity 
chamber gives specifications. Blue M 
Electric 


1961. Test Specimens 

Data on machine for cutting test speci 
mens to } specifications. Sieburg 
Industries 


1962. Tester 

Bulletin 164 on Dyhedron, dynamic dia 
mond tester for hardness and lubricity of 
materials. Taber Instrument 


1963. Testing 

12-page catalog on environmental test 
ing ol yrocessing equipment including 
altitude fumidity, low temperature, ex 
plosion, sand and dust, cloud and pou: 
units. Bowser Technical Refrigeration 


1964. Testing Equipment 
80-page illustrated catalog lists over 130 

testing and measuring tools for laboratory 

and production-line use. General Electric 


1965. Textured Steel 
New booklet on surface rolled pattern 
in steel. Sharon Steel Corp 


1966. Thermocouple Wire 
Bulletin on thermocouple wire and 

thermocouple extension wire lists size 

metals, insulations. Claud S. Gordon 


1967. Thermocouple Wires 
4-page bulletin on ceramic insulated 


thermocouple wires and _ thermocouple 
extension wires. Thermo Electric 


1968. Thickness Measurement 


Consolidated 


thickness measurement on 


ba i Minneapolis H re sie 
1969. Tin 


20-page booklet describes mining of tin 
and its present use by American industry 
Malayan Tin Bureau 


1970. Tool and Die Steels 
2-page guide to 
Uddeholm 


qualitie ana 
available 


1971. Tool and Die Steels 

26 page book on x oil and air harden 
ing steels for high-production tools and 
die Many use illustrated. Bethlehe 
Steel 


1972. Tool Steel 

36-page booklet on properties and ay 
plications of high speed steels, nonferrous 
cutting material Allegheny 
Ludlum 


1973. Tool Steel Brand Chart 
Wall chart listing over 300 popular tool 
steels by types Vulcan Crucible Steel Co 


1974. Tool Steel Selector 
Twist the dial of the 9-in. circular ‘ 
lector and read off the tool steel for 
application. Crucible Steel 
1975. Tool Steels 
Julletin on tool steels, hot work specia 
ty teels, bar tock, billet and casting 
drill rod, flat ground stock and tool bit 
Darwin & Milner. Inc 


1976. Tubing 

New 8-page catalog on carbon and | 
teel tubing of mechanical, pressurs i 
frame and aircraft 
Ohio Seamless Tubs 


1977. Tubing 

julletin No. 17 on 
wribes that made quare rectangle 
hexagons, flat ovals, ellipticals and partial 
rounds and where each i applicable 
pervwr Tube 


1978. Tungsten 

20-page bulletin on manufacture, proj 
erties and uses of tungsten. Flow chart of 
tungsten productior Sylvania Electri 
Products 


1979. Ultrasonic Cleaners 
Bulletin on ultrasonic cleaners for ix 
truments. Advantages of use in manufac 

turing, maintenance and reconditioning 

Pioneer-Central Dir 


1980. Ultrasonic Cleaning 
Folder on Sonogen ultrasonic generator 


for metal cleaning. Branson 


1981. Vacuum Coating 


ind carbides 


mechanical quality 


haped tubing de 


National Re 


applications 


search 


1982. Vacuum Furnaces 

New 8-page catalog No. 552 on vacuum 
irnaces for melting, heat treating, sinter- 
ing, brazing. High Vacuum Equipment 


1983. Vacuum Melting 
Data on outgased ceramics for vacuum 
elting give advantages and _ stock 
grades. Products for Research & Produc 
ron 
1984. Vacuum Metallizing 
Julletin 780 gives 


equipment 


f 


uses and advantages 
f vacuum metallizing, materials and 
properties of vacuum metallized coatings 
the process, equipment. Stokes 


1985. Vacuum Oven 
New Bulletin 377 on vacuum oven dis 
ISSe*s pecial features. Precision Scien 


tific 


1986. Vacuum Pumps 
New 52-page catalog No. 425 on high 
acuum ry: contains formulas and 
tabular data. Kinney Mfg 
1987. Welding 
Three bulletins on recently devel 
ped Fillerarc consumable-electrode, gas 
ielded welding process. General Electric 


1988. Welding Aluminum 
Bulletin on electrodes for 
welding 
welding and wire for inert ar« 


Metal & Thermit 
1989. Welding Copper 


24-page booklet on oxyacetylene car 
bon-arc and metal-arc welding techniques 
for copper and copper alloys. Revers 


1990. Welding Equipment 
Catalog on Cadweld rirocess and ar 
welding accessories. Evico Products 


1991. Welding Rods 

6-page bulletin on bronze welding rods 
Table gives ASTM, AWS and Government 
pecification Titan Metal 


1992. Wire 

ll-page booklet on use of wire in con 
ruction of 36 products. E. H. Titchener 
1993. Wire Products 

Julletin 111 on industrial wire cloth 
onveyor belts and metal specialties 
Cambridge Wire Cloth Co 


1994. 


metal ar« 
welding rods for oxyacetylene 
welding 


X-Ray Equipment 
julletins on No. 2 SPG X-ray detector 
ribe specifications and advantages 


| 4 
Data sheet 10.9-la on sheet and coating 3ulletin on principles, production step X-Ray Dept 


General Electric 
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1915. Precision Casting 

12-page book on alloy selection aj 
sign for precision casting. Arwoose 
cision Casting 


1916. Precision Casting 
8-page bulletin on investment ci 

of various ferrous and nonferrous 

Engineered Precision Casting 


1917. Protective Coatings 

Guide to chemicals and ; 
metal protection. American Ch 
Paint 


1918. Pure Metals 


Data sheets on vacuum melted 
copper, iron and nickel, Vacuum 


1919, Quenching Oil 

New book on mechanism of quer 
properties of quens hing medium 
ing curves, Gulf Oil 


1920. Quenching Oil 

l0-page book on new oils fe 
quenching process gives results « 
wire quench test and in plant ope 
Sinclair Refining Co 


1921. Radiation Detector 
Bulletin 9320 on high-speed ra 
detector gives operating principle 
jlications specifications Minne 
loneywell 


1922. Radiation Protectic 


12-page booklet on films for det 
ing amount of radiation. Used in re 
laboratories, nondestructive testin 
oratories. Du Pont 


1923. Rare Earths 

8-page Progress Report Num! 
“Rare Earths in Iron and Steel Me 
Molybdenum Corp 


rOCeRS 


COLMAN 


BARBER Wheeleo 
Flame-otrole 


FREE AUTHORITATIVE DATA 
FOR ENGINEERS WHO SPECIFY 
COMBUSTION SAFEGUARDS 


No. 1—Flame-otrol Application 
Data, Quick Check Chart 





No. 2——Flame-otrol Application a 
Data, Conductivity-Rectifica- 
tion System 





No. 3—Flame-otrol Application 
Data, Infrared ‘'IR’’ System 





No. 4—New Flame-otro!l Cata- 


log describes Controls, Sensing 


¢ 
, systems, and Control Centers 
1924. Refractories 
4-page bulletin on properties a 
plications of corundum-base refi 
Chas, Taylor Sons 





1925. Resistance Testing 
Bulletin 100 on production test 
measuring electrical resistance. R 


1926. Resistance Welding If you make or use industrial heating 
Ro gh Pe equipment, you'll want these new booklets! 


bles and property and application 
Ampco 


1927. Rhodium Plating 


Data on propertie thickness 
quired costs, operation applic 
tech nic 


Complete flame supervision, no matter what the type of fuel 
Wheelco's broad line of industrial electronic combustion s 


tem 


| 


Flame-otrol units can be applied to oil- or gas-fired furnaces, ovens, boilers, 


kilns, and driers with any type of conventional industrial sensing element 


; Booklets offered above describe the flexibility of application possible with 
1928. Roll Formed Shap Wheelco Flame-otrol units and show how these units have been engineered 

24-page Bulletin 1053 on des to the job of flame detection and control. Years of research in the field of 
combustion safeguards have resulted in the engineering features now contained 
in the Flame-otrol system. Contributing to dependable performance of these 
systems are such features as: compact, plug-in design; heavy-duty construction 


safety-type terminal strip; standard electronic tubes; and convenient checking 
strips 


Call your Wheelco field engineer for assistance in designing and 
combustion safeguard system 


NEW WHEELCO FLAME-OTROL 


W hee Flame-orr bring many 


ment ncluding 


mprove 
piugirt new safety 
type terminal seriy afe-start peration, and 
convenient external test points ¢ n 

cum and voltage hecking 

conventiona ndustrial ty, 

improved flame iper 

combination gas-oil fir 


WHEELCO INSTRUMENTS DIVISION 


Barber-Colman Company 


Dept. X, 1518 Rock Street, Rockford, IIMlinois 


BARBER-COLMAN OF CANADA, Ltd., Dept. X, Toronto and Montreal, Canada 


Industrial Instruments.Automot ner rf tribut Mot 


Overdoors and Operators « Molded Pr ts « Met sttir 
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Write for eu 
ONTARIO BLUE SHEET 


A concise 4-page booklet of facts on 
the handling and shop treatments of 
Ontario. Included is complete in- 
formation on forging, annealing, tem- 
pering, etc. and detailed laboratory 
data on physical characteristics. Ask 
jor your free copy 


Address Dept. MP-72 


| 








Over 150 Million Stampings 
from this RUUEUUB Die 


600,000 Film Spool Flanges 
PIERCED, EMBOSSED, STAMPED 
and BLANKED per Grind 


‘fF Production engineers at an eastern camera manufacturing plant have reported 


excellent results from their Ludlum Ontario film-spool-flange dic 
die performs the muluple operations of piercing 
blanking 

Operating at 130 strokes a minute, the big die has produced over 150,000,000 
parts. Runs as high as 600,000 have been ma re between grinds For this opera 
tion, Ontario is ait cooled from a temperature of 1850 F, then tempered at 350 F 
for six hours. This results in a Rock well C hardness of 60-62 

Ludlum Ontario is an air hardening die steel of the high carbon/high chromium 
type. Ic has all the desirable properties of such steels—resistance to abrasion, 
high hardness and excellent non-deforming characteristics. In addition, it is 
tougher but easier to machine than the higher carbon/high chromium types 
which are usually oil hardening 

For the finest in tool steel to help solve your cutting, forming, or blanking 
problems, call your nearest A-L office or discril lay, or write Allegheny 
Ludlum Steel Corporation, Oliver Building, Pittsburgh 22, Per car 


The Ontario 
, embossing, stamping, and 


utor tor 


For complete MODERN Tooling, call 


Allegheny Ludlum ( 


weo 6846 
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1915. Precision Casting 
12 page book on alloy 
sign tor precision 


cision Casting 


1916. 


election 


casting. Arwoo 


Precision Casting 
8-page bulletin on inve 

of various ferrous and nonferrou 

Engineered Precision Ca sting 


1917. 


Guide to chemicals and proce 


metal protection American Cc} 
Paint 
1918. Pure Metals 

Data sheet mn vacuum melted 
copper, iron and nicke Vacuun 


1919. Quenching Oil 
New book on 
properties of 


mechanism of 
quenct ng mediun 


ing curve Gulf Oil 

1920. Quenching Oil 
l0-page book on new oil P 

quenching proce give result 


wire quench test 
Sinclair 


1921. Radiation 
Bulletin 9320 on 
detector give 
plication 
Honeywell 


tefinung Co 


Detector 
high 
operating 


peed 


pecification 


1922. Radiation Protection 
12 page booklet on films for 


ing amount of radiation. Used in researct 
laboratories, nondestructive testing lal 
oratorie Du Pont 
1923. Rare Earths 

8-page Progress Report Number 
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HOLCROFT 
and the 
ROTARY 
FURNACE 











high production in small space 





Production rates frequently bog down when floor space limitations 


prohibit large equipment purchases 


That's why—when the problem is heat treating—many companies 
turn to Holcroft for answers. Experience —imaginative engineering 


versatility of products—all team up to provide answers 


For example, the solution to the problem above could conceivably 
be a rotary furnace; with one or two doors for loading and unloading 
and a rotating hearth which carries the stock through the heat treat 
cycle. The hearth can be of a heat-resistant alloy or a refractory 
material—can be suspended from above or supported from below 
Rotary furnaces can be tunnel-type, grid-type, drum-type, or 


rotating retort 


Of course, this is only one of the many kinds of stock handling which 
might be suggested by Holcroft. Your problem probably will be 


different and Holcroft will have the answer 


Write today for a copy of Holcroft's illustrated book: 
Blazing the Heat Treat Trail.” It's bound to give you food 
for thought i 


HOLCROFT anD COMPANY 


Sant : 6545 EPWORTH BOULEVARD + DETROIT 10, MICHIGAN 
Se , 


=ren mee PRODUCTION HEAT TREAT FURNACE FOR EVERY PURPOSE 


CAGO ILL « CLEVELAN HI0 « DARIEN NA ow N TEXAS « ANGELE ALIF « PHILADELPHIA PA 
ANADA Walker Metal Products. Ltd Wind te 
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Mr. Emerich Bechtold, General 
Foreman of the Heat Treating 
Department, and a Gulf Sales 
Engineer examine the Sems as 
they emerge from a bath of Gulf 
Super-Quench. 
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The Shakeproof Division of the Illinois 
Tool Works had a quenching problem with 
“Sems” — the well-known screw and lock- 
washer combination. . 

Sems are assembled — the lockwasher 
fitted on the screw—then heat treated. At- 
taining uniform hardness with conventional 
quenching oils was difficult, however, be- 
cause of the difference in size of the 
heavier screw sections and the normal vari- 
ations of the steel. The change to Gulf Super- 
Quench resulted in more uniform harden- 
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io 
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ing, even in the heavier sections, without any 
cracking of the lockwashers. 

Just another example of Gulf Super- 
Quench’s ability to get faster quenching 
without cracking and distortion, maintain 
uniform hardness, and cut rejects on many 
different types of steel parts. 

Have a Gulf Sales Engineer help you 
discover opportunities to put Gulf Super- 
Quench to work—profitably—in your shop. 
Contact your nearest Gulf office today and 
have him call. 


Gulf Oil Corporation + Gulf Refining Company 
1822 Gulf Building, Pittsburgh 30, Pa. 


SERVES 
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another revolutionary development by La Salle 


« NEW 
ow HIGH STRENGTH... 


“FATIGUE-PROOF™ steel bars offer high strength in-the-bar . 
without the expense and trouble of heat treating. Tensile strength is 
in the 140,000 to 150,000 p. s. i. range . . hardness which is related to 
this strength level is approximately 30 Rockwell “C.” 

“FATIGUE-PROOF” has uniform strength across the bar . . no soft 
centers. (This uniformity is maintained from bar to bar . . lot to lot.) 
This remarkable uniformity of strength makes “FATIGUE-PROOF” 
ideal for applications in the 140,000 to 150,000 p. s. i. range that for- 
merly required heat treated carbon and alloy steels, either hot rolled 
or cold drawn. 

With “FATIGUE-PROOF™” you'll get the advantages of heat treat- 
ing .. none of the disadvantages. In short, you'll get a better part at 
lower cost. 


__yaits EASY TO MACHINE 


“FATIGUE-PROOF” is a free-machining steel bar . . without ques- 
tion. It machines at least 25% faster than annealed alloys . . 50% to 
100% faster than heat treated alloys. 

“FATIGUE-PROOF’s” excellent machinability permits faster 
speeds, heavier feeds, better tool life . . your production rates will 
increase . . you'll get more parts per hour. 

Distortion from machining is held to a minimum . . there is no re- 
duction of tool life due to the higher speeds and heavier feeds . . and 
surface finish is greatly improved. 


MME in 


1424 150th Street, Hammond, Indiana 


Manufacturers of America's Most Complete Line 
of Quality Cold-Finished Steel Bors 
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JUST PUBLISHED! Ask for 
your copy of the new 20-page 
booklet which gives additional 
information on the remarkable 
new "'FATIGUE-PROOF 


‘ro quench cracks 


eno distortion from 


heat treating 


With heat treating eliminated, the problems that 
accompany heat treating are avoided. Quench cracks 
become a thing of the past. Distortion and warpage 
from heat treating don’t occur . . consequently time 
consuming and costly straightening and cleaning 
operations are not necessary. 

You eliminate not only the cost of heat treating 
but also its disadvantages. 

If you have parts where strength is a requirement 

. you can save money and get away from problems 
by using “FATIGUE-PROOF.” Our Sales Engineers 
will be happy to show you how this can be accom- 


plished and provide samples for test purposes. 





LA SALLE STEEL CO. 


1424 | 50th Street 
Hammond, Indiana 


Please send me your ““FATIGUE-PROOF'’ Bulletin. 
Name 
Tithe 
Company 
Address 


City 
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Koppers Company’s 
tar stills demanded burners with all this: 


M Stable flame with Bunker C Oil in cold combustion chamber ™ Instantaneous change of fuels 
Immediate high fire rate upon lightup ™ Same flame size and shape with all fuels 
M 14 to 15% CO, with Bunker C Oil at all rates / 5 to 1 turndown with any fuel 
Minimum maintenance “ Capable of easy lighting with torch or pilot 
i Provision for all types of flame safety Short flame 
No carbon build-up ™ Sealed-in burner mounting 


North American Series 214 Dual-Fuel Burners 
met all these requirements ....and then some! 


NORTH AMERICAN mfg co 
Cc Yombation é ng ne 24 


4455 East 71st St.*e Cleveland 5. Ohio 
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endix * 


Martempering 


Story... 


ee. © 8S ow 8 St 


*Bendix Products Division 


Bendix Aviation Corporation 
Automobile, Aviation, Marine and + 
Industrial Products, South Bend, ind [ CLF, 
eee Ww Ll / 


NU-SAL NEUTRAL SALT 
PA RT Melting point 1230°F / working range 1300-1650°F.) 


Products are aircraft landing gear steel compo- 
nents, including forgings, arc and flash welded 


assemblies, basically tubular with complex lugs. an ad 


THERMO-QUENCH SALT 


1. Eliminate decarburization and scaling. ‘ = 
®. Reduce distortica. (Melting point 290°F / working range 325-1100°F.) 
3. Reduce residual stresses resulting from heat ) 

treatments. 


Using an immersed electrode-type furnace 96" 
deep, these complex parts were austenitized in 
Park Chemical’s Nu-Sal neutral salt at 1550°F. 
for 45 minutes. Previous method used 1/2 hours. 
Quench at 400°F. is in Park Chemical’s Thermo 
Quench Salt. Steels used are AMS 6324, AMS 
6415 and AMS 6427. 

Salt baths offer tremendous advantages over 
conventional heat treating methods. As much as 
80% of all heat treating can be done in salt. 
Speedy handling and small floor space cuts costs. 
Quality is increased by eliminating quench 
cracks, scaling and decarb, while improving 
toughness and ductility. 


PARK CHEMICAL CO. 


3074 Military Avenve © Detroit 4, Michigan 


Send Free Bulletin on Nevtral Salt Baths 
Name Position 
Company 


Address 


r------------> 


Sixth in a series of advertisements describing Park processes on the job 
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New uses for STRAITS TIN from MALAYA 
improve products — cut costs 


Soft drinks, quinine water—even 


Tests show that a 
plating alloy gives 


sion protection 


These new tin-aluminum 
(up to 30% tin) are several mes 
stronger than babbitt 


bearings new tin-zinc 


wine-——now go to market in handy 


inusual corro 
disposable tin cans 


oO siec 





\ new solder of tu ind 
being used t 


ind metal te 


Tin is an important component of 
many sintered metal parts 


And organotin comp 
best 


vinyl chloride plasti 


jom gia such as stabilizers know 
cerami 


these clutch facings 








These are just six of hundreds of new 
ways Straits Tin is being used today. No 
other metal has tin’s capacity for making 
other materials more efficient. 

For example 

A tin coating on the fin coils of air- 
conditioning units helps prevent corrosion 
and odor accumulation. Modern engine 
pistons are often plated with tin to reduce 
friction between the piston and the cylin- 
der liner, And a new way of electroplating 
bright tin-nickel offers for the first time 
a successful alternate to chrome on nickel 
copper. Tin-nickel is both more corrosion 
resistant and more attractive than chrome. 
And it helps save scarce nickel. 

Tin, of course, is not scarce. Nor is it 
likely to be in the future. Over one-third 
of the world’s tin comes from Malaya. 
A great deal is there. And Malayan tin 
producers want to export it as much as 
American industry wants to use it. 


Since February 1953 


Malaya ts the keystone of Southeast 
With Malaya 
against Communist 
new Manila Treaty and new U.S 
nomic Aid Plans promising increased 
security against Communist infiltration in 
this vitally important area—American in- 
dustry can count on a supply of tin fully 


Asia 
war 
the 
Eco- 


steadily winning its 


guerrillas—with 


as dependable as the supplies of other 
materials that are being produced in the 
Free World 


Straits Tin from Malaya is at 
99.87% pure-—has been recognized as 
a standard grade for years. It is inert, 
nontoxic, friction and corrosion resistant. 
It is highly malleable 


least 


wets metals readily, 
and has a relatively low melting point 
(450°F.). Whatever product o1 
process may be, a careful reappraisal of 
the properties of Straits Tin may show 
you new ways to quality 
lower costs 


your 
and 


raise 


there have been no restrictions by the U.S 


Government 


A 20-page new booklet gives 
an informative report on 
Straits Tin and its many new 
wees today. Write for a free 


copy now. 


on the use of tin 


The Malayan Tin Bureau 


Dept. CC5, 1028 Connecticut Ave., Washington 6, D.C. 
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EXTRUSION PRESSES 


@ Here’s the latest in extrusion press design 
. the W-S 1700-ton hydraulic long stroke aluminum 
extrusion press. It joins the growing line of standard 
W-S Extruders which includes models in 600, 900, 
1250, 1550, 2200 and 3000 ton capacities. 


In this new model, as in all standard W-S ; ; 
designs, you will find the features, speeds and 7 a 
flexibility you need to meet today’s as well 


>; - 
as tomorrow’s production requirements. tad — 
1 - a7 


Write today for the specifications and 
production potential of this new press. 


H. K. PORTER COMPANY, INC. 
187 Aldene Road, Roselle, N. J. 


W-5) THE WATSON-STILLMAN COMPANY DIVISION Ae 


# © PORTER ComPanT mc 
Estamiremee ieee 
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AMPCO METAL, INC. aod 
Dept. MP-12, Milwaukee 46, Wisconsin 


I'm interested in knowing more about the wear 
and corrosion- resistant properties of Ampco Metal 
Please send me complete information 


Name Title 
Company 


Company Address 


— — al — << << <r << a a om 


City ( ) State 
Tis die deen ilies ess ae Gan ali aoe ee eal 
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AMPCO METAL quadruples life 


of polished rod liners 


Critical part sets new records in tough 
oil-well service, thanks to Ampco 
Metal's remarkable corrosion- and 
sliding-wear resistance 


In oil well pumping the 14 to 16-foot polished rod liner really takes a 
beating. As you can imagine, sliding wear, in this extra-long bushing, 
is a real problem when you consider the number of strokes made by a 
pump during an operating day. Corrosion enters the picture, too, 
with the liner often in contact with salt water, sulfides, etc. 


With ordinary bronzes, Cities Service Oil Company found frequent 
replacement to be a constant headache. Then, in certain areas, it 
switched to liners made from Ampco Metal Pipe. Cities Service 


engineers report a substantial reduction in liner replacements. 


Ampco Metal Liners last four times as long as plain bronze liners 
because they are made from a unique aluminum bronze alloy. It's a 
remarkable bearing material—has unusual resistance to mechanical 
wear. It withstands the corrosive effects of many acids and caustics. And 
when used as pipe it combats erosion from solids held in suspension. 


Ampco pipe and tubing is available in all sizes, along with a complete 
line of flanges and fittings. Send coupon today for full information. 


*Reg. U. S$. Pot. Off 


Main Office and Plant 


AMPCO METAL, INC. Milwaukee 46, Wisconsin 


West Coast Plant 
» Burbank, California 


Sole Producer of Genuine Ampeco Metal 











PUTS "MUSCLES’’ INTO 


YOUR ALUMINUM WELDS 
‘ AS Ho ae on ere aL AK ot Miz 


ALKALUME—another great Northwest Chemical Process — 
is your answer to chemically clean aluminum necessary 
for successful welding. This safe, simple, economical process 
removes soils and oxides chemically—no wire brushes or 
Got a problem? other mechanical devices to waste metal and slow produc- 
Let our cleaning tion. Surface resistance is reduced to a value of 0 to 10 
experts help you! microhms, and a resistance of less than 20 microhms will 
persist for days. 


. The Alkalume Process assures you a reliable—day after 
Write for complete day— production of a uniformly weldable surface —regard- 
literature on the less of alloy. Processed stock welds fast and easily produc- 
ALKALUME Process ing welds that meet specified values for penetration and 
shear strength. In addition, with Alkalume Processed Stock, 
welds are made at lower pressure. The Alkalume Process 
reduces the number of tip dressings, thus giving you greater 
tip life. 


ALKALUME'S outstanding success is another fine example 
nr : of Northwest's ability to get the toughest jobs done by care- 
ful blending of good chemicals and experienced service 
control. The complete story of Alkalume or any of North- 
west's fine line of cleaning chemicals is yours for the 
asking. A Northwest CLEANING SPECIALIST will gladly 
help you with your problems. 
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Big Chrysler Corporation contracts for die-cast trim parts 
are held by the Trilex Corporation of Wayne, Michigan, 
and Ajax Manufacturing Corporation of Detroit. 

“The primary concern of the Chrysler Corporation 
is quality,” says Mr. John Airey of Trilex. “That's why we 
chose Kux machines; we know they produce hardware 
finish quality parts,” 

“But Chrysler considers price as well as quality,” 
said Mr. Milton K, Pitts of Ajax. “We choose Kux because 
they put us in a better position to compete on a cost-per- 
unit basis.” 


knobs and nameplates help sell cars... 


Kux DIE CASTING MACHINES 


lo gel hardurare firith gualily casiinge 









SO 


CHRYSLER 


suppliers 





Whether your main concern is lower production costs 
quality, or both, investigate the advantages of Kux ma 
chines. Quality die castings economically produced often 
make a tremendous difference in price and salability. Kux 
first name in die casting machines, can help make that dif 


ference for you! Write for our NEW illustrated catalog 


MODEL BH-30 ILLUSTRATED 
Hydravlically operated goose neck plunger type 
die casting machine for production of zir lead 


or tin castings. 


Kux MACHINE €O. 6725 NORTH RIDGE AVENUE «+ CHICAGO 26, ILLINOIS 
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HIGH-TENSILE STEEL 





You can design light weight, longer life, and 
economy into your products by including N-a-x 
HIGH-TENSILE in your plans 


@ It is 50% stronger than mild steel. 
@ It is considerably more resistant to corrosion. 
@ It has greater paint adhesion with less undercoat 
corrosion. 
It has high fatigue life with great toughness. 


It has greater resistance to abrasion or wear. 


o 
_ 
@ It is readily and easily welded by any process. 
+. 


It polishes to a high lustre at minimum cost, 


And with all these physical advantages over mild 


carbon steel—it can be cold formed as readily into 
the most difficult shaped stamping 


When you next start to redesign, wet the facts on 
N-A-X HIGH-TENSILE. It's produced by Great Lakes 
Steel—long recognized specialists in flat-rolled steel 
products 


N-A-X Alloy Division 


GREAT LAKES STEEL CORPORATION 


Ecorse, Detroit 29, Mich. . A Unit of 


NATIONAL STEEL ag CORPORATION 
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Diagram shows basic elements of typical saturable 
reactor control system for electric heating. Output of 
the Electronik instrument's Electr-O-Volt relay 
mounted integrally below the instrument) is con 
nected to the power amplifier for the saturable 
reactor, which in turn controls the electric power 
input to the furnace or other heating equipment. All 
connections are electrical No mechanical linkages are 
required, Control is continuous, sensitive, accurate. 








POWER 





AMPLIFIER 








THERMOCOUPLE 





SATURABLE 
REACTOR 




















continuous, accurate control 


of electrically heated equipment 


ZlectnaniK instrumentation with Electr-O-Volt* relay provides 


continuous throttling in saturable reactor control systems 


Vo can now regulate temperatures of elec- 
trically heated furnaces, ovens, and similar 
processing equipment within exceptionally 
close tolerances, by using an advanced 
ElectroniK control system in conjunction with 
saturable reactors. This type of control elimi 
nates the abrupt surges of power and the ex 
pense of contact replacement which are fre 
quently objectionable factors of on-off or 
pulsed electric control. 


Continuous control action. The Electr-O-Volt 
relay, actuated by the ElectroniK instrument, 
provides continuously variable control input 
to the saturable reactor power amplifier. This 
arrangement gives true proportional-plus-reset 
control action, which adjusts heat input to 
compensate for size of load, ambient tempera- 
ture and other transient and long-term varia- 
tions in heat demand. 


Completely electronic. The system has no me- 
chanical linkages, contactors, or other com- 
plex moving parts. Its high speed and sensi 
tivity give the precise control required by 
modern processes. 

Brood range of use. ElectroniK control for 
saturable reactors is applicable to high-tem 
perature heat-treating furnaces, reaction ves 
sels and many other types of electrically heated 
equipment. It makes possible smooth, finely 
adjusted regulation of electric power at high 
efficiency. 

For a discussion of how this control can be 
applied to your specific problems, call your 
local Honeywell sales engineer. He's as near 
as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.—in Canada 
Toronto 17, Ontario. "Trad 


@ REFERENCE DATA: Write for Catalog 1531, “ElectroniK Controllers,” and for new Bulletin 8420, ‘'Electr-O-Volt Relay.” 


Honeywell 


BROWN 


tINSTRUMENTS 


Tint we Coutiol 





Facilities of... 
COMMERCIAL HEAT TREATERS 


can cut YOUR costs 


Fig. 1 
An MTl commercial heat treater is located near you and is ready to 


serve your needs by performing “Custom-tailored’’ heat treating 
operations. 


Because all members of the MTI are specialists with complete service 
facilities centralized in one plant, they are equipped to offer you a 
variety of heat treating processes—atmosphere hardening, car- 
burizing, nitriding, annealing, cyaniding, etc. 


For example, Fig. | shows an installation of ao shaker hearth furnace 
with @ continuous automatic quenching tank and @ conveyor to o 
washing machine. 


Fig. 2 illustrates a gos flame hardening unit featuring accurate 
temperature control and using two semi-circular gas manifolds 
mounted on movable carriages with 20 or more burner heads. 


A further example of versatile and dependable equipment found 
in a commercial heat treating plant is seen in Fig. 3. The specially 
designed furnace conveyor belt carries over 35 tbs. per sq. ff. in 
normal service and sometimes as much as 5000 Ibs. are loaded on 
it with pieces ranging from ‘4 tb. to 100 Ibs. and temperatures 


up to 1650°. WRITE FOR the booklet called: 


Possessing such equipment together with many other specialized 


facilities and employing the trained personnel with technical “STRATEGIC USE of OUTSIDE HEAT 


knowledge and experience is the business of the commercial heat 


treater. Teamwork between you and the commercial heat treater TREATING FACILIT 1ES CAN CUT Costs.” 


con cut your costs. 
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| Ace Heat Treating Company P ™ Metro Heat Treating Corp. aug 
: Elizabeth, New Jersey 2 SS New York 13, New York & Ridgefield, N. J 
Allied Metal Treating Corp. at 4 0. T. Muehlemeyer Heat Treating Co. 
Kenosha; Manitowoc; Racine: Wisconsin : Rockford, Illinois 
Anderson Steel Treating Co. Bt New Gagiend Metallurgical Corp. 
Detroit, Michigan ww 4 South Boston 27. Massachusetts 
B. & W. Precision Heat Treating Co. Fred Heinze! | & Sons Paulo Products Company 
Pitchener, Ontario, Canada New York 12, New York Saint Louis 10, Missouri 
Benedict-Miller, Inc. Hollywood Heat Treating Co. Pittsburgh Commercial Heat Treating Co. 
Lyndhurst, New Jersey Los Angeles 38, California Pittsburgh |, Pennsylvania 
Bennett Heat Treating Co., Inc. Alfred Heller Heat Treating Co. The Queen City Stee! Treating Co. 
Newark 3, New Jersey New York 7, New York Cincinnati 25, Ohio 
Commercial Metal Treating, Inc. L-R Heat Treating Company J. W. Rex, Company 
Bridgeport, Conn. Newark, New Jersey Lansdale, Pennsylvania 
Cook Heat Treating Co. of Texas The Lakeside Steel improvement Co. Stanley P. Rockwell Company 
ba Houston ||, Texas Cleveland 14, Ohio Harttord §, Connecticut 
| The Dayten Forging & Heat Treating Co, Metallurgical, inc. C. U. Scott & Son, Inc. (Stainiess Steels) 
: Dayton 3, Ohio Minneapolis 7, Minnesota Rock Isiand, Iilinois 
Drever Company Metallurgical, Inc. Syracuse Heat Treating Corp. 
Philadelphia 33, Pennsylvania Kansas City 6, Missouri Syracuse, New York 
Greenman Steel Treating Company Metiab Company Winton Heat Treating Company 
Worcester §, Massachusetts Philadelphia 18, Pennsylvania Cleveland 16, Ohio 
This advertisement sponsored by these Companies which are members of the Metal Treating Institute 
Ce 
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 TensivKur | 


Accurate tensile specimens machined 
from .002”-.125” ferrous & non fer- 
rous metals in less than three minutes! 





"Convert Routine Dollars into Research 


Dollars’ 
SIEBURG INDUSTRIES 
HORSE PLAIN ROAD @ WEW BRITAIN, CONN. 
T A 13 ON INE 4 PAGE 5 


’ 





KENTRON 


MICR 


HARONES 


Applies 1 to 10,000 gram loads 
Write for Bulletin 
Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 


LIST i PAGE SA 


Bulletin 
ard 











Impressor 


for quick, on-the-spot hardness testing 
of non-ferrous metals and plastics 


Simple to operate . . . gives an instant, depend- 
able measure of hardness. Operates on principle 
of forcing 4 spring-loaded indenter into the sur- 
face with the amount of penetration registering 
on a dial indicatos. Can be used in any position 

tamper proot compact... © . yer 
weighs only 12 oz. Thousands used by industry. 
Write today for complete details. 


Barber-Colman Co 
Dept. S$, 1218 Rock St., Rockford, Iilinols 
LIST N 7 N INF OUPON PAGE % 





MEASURE 


Hvudnesa and 
Toughness 


OF METALS 


with the 
TABER DIHEDRON 


The Dihedron is ao new precision test 
for all metals to determine hardness ond 
toughness. Driving a large octahedral 
diamond into test moteric!l with on 
oscilloting motion, this instrument ac- 
curately tests ony material below dia- 
mond hordness. Results reported on 
easy-to-read dial. Minimum technicol 
experience required. 


THE TABER 
STIFFNESS 
TESTER 


Determines initial, besic 
stifiness of resilience § of 
sheet ond wire specimens 
Readings show up directly 
on die!. Meter driven, con 
trolled rate of loading. Mini 
mum technicel experience 
required. 


TABER INSTRUMENT CORPORATION 
SECTION 19 
11! Goundry St, N. Tenaewende, N.Y 


LIST NO. 109 ON INFO.COUPON PAG 


Inspection 
Demagnetizing 
or Sorting 
PROBLEMS? 


SOLVED with 


MAGNETIC ANALYSIS 
MULTI-METHOD EQUIPMENT 


Electronic Equipment for non-destruc- 
tive production inspection of steel bors, 
wire rod, and tubing fer mechanical 
foults, varieti in posits and 
physical properties. Average inspection 
speed 120 ft. per minute 

Over 50 steel mills and fabricators 
ore now using this equipment. 











MAGNETIC ANALYSIS 
SPECIAL EQUIPMENT 


Electronic Equipment for non-destruc- 
tive production inspection of non-mag- 
netic stainless steel bors, and both 
seamless and welded tubing for mechen- 
ical faults, and for variations in compo- 
sition ond physical properties. Average 
inspection speed 200 ft. per minute 





MAGNETIC ANALYSIS 
DEMAGNETIZERS 


Electrical Equipment for rapid ond 
efficient demagnetizing of steel bers 
and tubing. When used with Magnetic 
Analysis Multi-Method Equipment, in- 
spection and demagnetizing can be 
done in a single operation 





MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 


Electronic Instruments for production 
torting both ferrous ond non-ferrous 
moterials and ports for veriation in 
composition, structure and thickness of 
sheet and plating 





MAGNETIC ANALYSIS 
MAGNETISM DETECTORS 


inexpensive pocket meters for indi- 
tating residual gnetiom in ferrous 
materials and ports 














For Details Write: 

MAGNETIC ANALYSIS CORP. 

42-44 Twellth $t., Long island City 1, &. Y. 
“THE TEST TELLS” 








NFO.COUPON PAGE % 
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VIDIGAGE® 


AUTOMATIC THICKNESS GAGE 
21” Cathode-Ray Tube; 
Direct-Reading Scales; 
Any Ronge between 0.005” and 2.5”; 
Accuracies from 0.1% to 1.0%; 
Cables up to 1000 feet for remote testing. 


AUDIGAGE® 


PORTABLE THICKNESS GAGES 
Bottery-Operated, wide thickness range; 
Medel 5, 0.060” to 12”; Medel 5a, 0.040” to 12”; 


SONOGEN® 


ULTRASONIC-POWER GENERATORS 


for fast, thorough metal washing and de-greasing; 
Ovtputs from 100 Wotts to 25 KW. 


LS ORANSON etecrre 
NSTRUMENTS, rt 


ee ee ~- 


ULTRASONICS 


THICKNESS MEASUREMENTS 


METAL CLEANING 


i 
~~ a a a See) 


m 430 FAIRFIELD AVE+-STAMFORD+ CONN 


o«< 
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Unscrambles Metal Mixups 
THE CYCLOGRAPH 


Model CE 

This instrument permits truly 
high speed, non-destructive 
sorting of raw, semi-finished 
or finished parts by their 
metallurgical characteristics. 
Several thousand parts per 
day can ordinarily be sorted 
by this manual method. For 
production sorting 
get details on our Model 
CER. Used by leading in- 
dustrial firms everywhere. 


J. W. DICE CO., Englewood 8, New Jersey 


Non-destructive Testing and Measuring Instruments 
LIST NO. 580 ON INFO-COUPON PAGE 5% 


regular 


If you want to perform 
Tensile or Brinell testing operations 
quickly and simply—contact 


Detroit Testing Machine Company 
9390 Grinnell Ave. « Detroit 13, Mich. 





ROLL 
FORMED 
SHAPES 
Reduce your assembly problems and costs. 
Our shapes continuously formed, with high 


degree of accuracy, from ferrous or non- 
ferrous metals. Write tor Catalog No. 1053. 


ROLL FORMED PRODUCTS CO. 


wate Gerriee aH Oe Lan 
3761 OAKWOOD Ave YOUNGSTOWN, On 


T NO 10 ON NF c N A 





TECHNITL 
Soluble Gold 
For 
Industrial 
and 
4 yes 4 ] Send for your copy 
Decorative ae anes Sate, 


3-dip degreasers can 


® ’ solve your meta 
ec rop a ing . parts cleaning prob 


lems safely effici 


METAL PARTS 
CLEANING “> 
PROBLEMS = 


Get the answers RIGHT 
from RAMCO’S 
new BULLETIN! 





opy of 


ently economica 
ly! Send today! 





AMCO EQUIPMENT CORP. 


OfV. OF RANDALL MFG. CO., INC 
809 Edgewoter Rd., New York 39, N.Y. 











LIST NO, 124 ON INFO-COUPON PAGE 56 LIST NO. 128 ON INF PON PA 
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UST-LIC 


AQUEOUS SYSTEMS 


Grade "B" 


FERROUS 
METAL PROCESSING 


Eliminates .. . 
Rust 
Fire Hazards 
Toxicity 
Dermatitis 
Degreasing 


Write for free sample ond brochure 
Specify Grade ‘'8"’ 








PRODUCTION SPECIALTIES, INC 


L TON STREET 





fora wi 
BASKETS = = = 


for de-greasing — pickling 
anodizing — plating 
materials handling 
small-parts storage 


of any size and shape — 
any ductile metal 
by 


THE C. 0. 
SAVES EXCESSIVE HANDLING TIME 
Phospray minimizes 


REQUIRED BY HEATED 
PHOSPHATE PROCESSES. 








MFG. CORP. 
28 Pequot Road 
Southport, Conn. 
ST NO. 91 ON INF PON PAGE 56 
cleaning and eliminates 


FABRICATED MONEL » sarees 


Phospray dries “dust 


PICKLING EQUIPMENT | |) seca, terspotztio 


of final finish. 


¢ Hairpin Hooks * Sheet Crates 77 _Proseray con be cut 


with thinner as high as 
3 to | without 


o Steam Jets w Chain reducing effectiveness. 


Phospray has been 


¢ Mechanical Bar, Tube and Coil Picklers \ ie 


Phospray cuts proces- 
ing time, re 

THE YOUNGSTOWN WELDING & ENGINEERING CO. rw Armory J 

3721 OAKWOOD AVE Ack’ e Ech Back. 2. Wen Ene provides an easy 

sure-fire bond for 

organic finishes on 

almost any metal, 











4%, Phospray is made 
% and guaranteed by 
Du-Lite, the metal 


s _ ‘ ‘ ‘ 
enue finishing specialists, 


; DU-LITE CHEMICAL CORP. 

§ MIDDLETOWN, CONN. 

Send me a sample of Phospray. . .[_] 
Send more Phospray information. .(_] 
Hove your representative coll... .[) 


=seeee 
eeceeeceeeeseeeeal 





Specialists in Processin gq Corrier s Since 1932 
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Tells the 
complete 
Barrel 
Finishing 
Story. 


This amazing manual is guaran- 
teed to open your eyes! Gives 
latest, up-to-the-minute facts on 
new developments in advanced 
barrel finishing equipment, com- 
pounds, abrasives. Shows how sin- 
gle unit installation replaces from 
2 to 12 men, Investigate. Send for 
FREE 52 PAGE CATALOG 
Write 917 Marshall Street 


(ALMCOMY TL 


avete fA MINNESOTA 


LIST NO. 76 ON INFO-COUPON PA 


MANHATTAN 


Custom-made for your specific 
material removal problems 
Foundry Snagging—Billet 
Surfacing—Centeriess Grinding 
Cutting and Surfacing concrete 
granite, and marble 
“Moldiscs” for rotary sanders 
Grinding and Finishing 
stainless steel welds 
Bearing Race Grinding 
and Finishing 
Finishing Tools and Cutlery 
Cutting-off—Wei or Dry Bars, Tub- 
ing, Structurals, etc. Foundry Cutting 
—standerd and reinforced wheels 


Grinding Carbide Tipped Tools 
® 


Write to Abrasive Wheel Deportment 


Raybestos-Manhattan, Inc. 


MANHATTAN RUBBER DIVISION © 
92 TOWNSEND ST. eo PASSAIC, WN. J 





LIST NO. | ON INFO.COUPON PAGE 5&6 


TECHANIE 
Soluble Rhodium 
For oe 
Industrial 


Decorative 
Electroplating 





TECHNIC INC. 
Providence, Rhode Island, U.S.A 


c 
WJ 


LIST N 











For positive blackening of steel and iron 
parts... 


USE SWIFT BLACK! 
For efficient metal cleaning 
USE SWIFT CLEANING COMPOUNDS! 
For certain rust prevention 
USE SWIFT RUST PREVENTATIVES! 
For heat treating 
USE SWIFT SALT BATH! 


For quenching 


USE SWIFT QUENCHING OILS! 
Send TODAY for descriptive titera- 
ture and technical data sheets. 


See us at Booth 1975, 
Notional Metal Exposition 








what is 


For years, we have studied the na- 
ture of friction; this independent 
basic research produced Rulon 

oil-free bearing material for light 
loads, or heavier loads at slower 
RPM and with inherently low 
friction coefficient, that never 
needs lubrication. 

Investigate Rulon to solve your 
bearing problems. 


DIXON CORPORATION 
BRISTOL 2, RHODE ISLAND 


LIST NO. 130 ON INFO.COUPON PAGE S 
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RULON 
Bearing Material: 


Attributes: More than 14 unusvel choracteristics 

Applications; Countless practical uses, others as yet 

unexplored 

Dete: 20 Date Sheets with full information, case 

histories. 

Consultation: Advisory service on your specifications, 

without obligation 

Availabilities: Extrusions, compression moldings, cross- 

sectional shapes, hot forgings, fabricated forms, etc 
special formulations finished to close tolerances 








a 


CHEMICAL CO. 
Canton Connectic 





| INDUSTRIAL 





LIST NO. 92 ON 





rr 
WRITE, WIRE of 
FOR YOUR CATALOG 


Today 


PHONE 


SOCKET Stl & CaP 


wood SCRIiWw* 


Star Stainiess 
screws have 
clean—bright—shiny—hesds 


7 Sran sTAin.ess scacw co. 
+o 


Summ 647 Union Bivd.. Paterson 2, N. J 
tam = Telephone: Little Falls 4-2300 
Direct NEW YORK Tele. WI 7-904! 


LIST NO. 99 ON 








DIE CAST — bpm 
AT LOWER Le 


Factual data on 
GRC's extensive 
line of zinc alloy 
fasteners for every 
industrial need .. 


Free Bulletin « Write Today 


WORLD § FOREMOST PROOUCER OF Small Dt CASTINGS 


GRIES REPRODUCER CORP. 


46 Second St. New Rochelle, N.Y. @ Phone NEw Rochelle 3-8600 








TUBING ROLLS 


AND 


FORMING ROLLS 


To Your Specifications or Ardcor Design—for all makes of machines 


DESIGNERS AND MANUFACTURERS: All Sizes and Spindle Diameters 
of Roll Forming Machines, Welded and Lock-Seam Pipe and Tube Mills 
© Forming Rolls, Tubing and Pipe Rolis © Straightening, Pinch and 
Levelier Rolls * Cut-off Machines 


American ROLLER DIE CORPORATION 
29550 Clayton Avenue bd Wickliffe, Ohio 








LIST N 3 ON INFOK PON PAGE 56 








“*SILVERCOTE'’® 


BERYLLIUM 
COPPER 


TITANIUM © BRONZES ©® ALUMINUM 
COPPERWELD «+ SILVER PLATED WIRES 
OTHER NON-FERROUS 


rouno WIRE rar 
for 


* SPRINGS 

* FORMS 

* ELECTRONICS 

* SPECIAL PURPOSES 


LITTLE FALLS ALLOYS 


189 Caldwell Ave 








+ Peterson 1, N. J 


QOUPON PAGE % 








MOLYKOTE® LUBRICANTS 


...@ “MUST” in every metalwork- 
ing shop and design department 


THE ALPHA MOLYKOTE CORPORATION 


Main Factories: 65 Harvard Ave., Stamford, Conn 
71 Arnulfstrasse, Munich 19, Germany 




















A Complete Story On High Temperature Fans 
From 300° to 1650° F—Without Water Cooling 


Here is a complete FREE brochure 
on high temperature fans from 
300° to 1650° F. without water 
cooling. A full description is given 
of the PATENTED AIR COOLED 
SHAFT and how it dissipates heat 
BEFORE it reaches the bearings 
Performance data and information 
on how to select the proper fan 
is given in detail. Conversion 
charts for varying densities of air 
or gases. Extensive capacity tables 


for small exhaust fans as well as 
Garden City radial type exhausters. 
Other tables given include: 
Volume and Weight of Air at 
Atmospheric Pressure at Various 
Temperatures; Table for Roughly 
Estimating High Temperatures; 
Effect of Temperature on Available 
Stress in Steel. Complete instruc 
tions for installing high tempera 
ture fans and their designation 
W rite today for this free brochure 


GARDEN CITY FAN COMPANY 


McCormick Buildin 1g 


Chicago 
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For 


Stainless and 
Heat Resistant 











MAURATH, 


| 21830 MILES AVENUE 





LIST NO. 72 ON INFO-( UPON 
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Maurath, Inc. 





ARC WELDING 
ELECTRODES 


NORTH RANDALL 22, OHIO 
Phone: MOntrose 2-6100 


PA t 


) AUTOMATIC WELDING 
All Analyses - Coated, 
Straightened - Cut - 
Coiled and Spooled 


Inc. 


»% 





ee 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min 
imum 36% 


manaimum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 


from solid stock 
Only finish oper 
ations required 
ore reaming small 
dia. of counter 
bored hole and 
drilling and tap 


ping for set screw 











ENGINEERED 


PRECISION CASTING 


MORGANVILLE, N. J. 


LIST NO. 4 ON INFO-COUPON PAGE 56 
























WHITELIGHT 


your comprehensive independent 
source of magnesium alloy 
Tubes © Rods © Shapes * Bars 
Holiow Extrusions ® Pilate * Sheet 
© Pipe © Wire © Welded and 
Riveted structures and assemblies 


WHITE METAL ROLLING 


& STAMPING CORP. 
82 Moultrie St., Brooklyn 22, MN. Y. 





Sales Office 
376 Latayette St., New York 3, N. Y. 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 





THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 
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A CABLE SPLICED 
IN 10 SEconps! 









ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 


2070 E. Gist Place, Cleveland 3, Ohio 


Write for Caddy Catalog 


| 















ENGINEERING ALLOYS 


by N. E. Woldman 


This up-to-the-minute book 
lists over 19,000 alloys by 





trade name and gives their 





properties, compositions and 
typical applications. All im- 
portant commercial alloys are 
shewn 





1056 pages of valuable infor- 
mation, generous index and ta- 







bles of manufacturers and the 
trade names of their products 


Price, $15.00 


AMERICAN SOCIETY FOR METALS 
7301 Ewelid Ave. Cleveland 3 
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BELLIS 


FURNACES 


Oldest manufacturer of Salt 
Bath Furnaces 


Originators of 


ELECTRODE FURNACES 
with these patented features: 
l. Water Cooled 
Electrodes 
2. Electric Starter Coil 





Salts for all heat treating 
applications (300 to 2300° 
F) supplied by the CROWN 
CHEMICAL DIV. 


THE BELLIS CO. 
BRANFORD, CONN. 














PERL 


precision strip 





@ BERYLLIUM 
COPPER 


@ PHOSPHOR 
BRONZE 


@ NICKEL SILVER 
@ BRASS 


@ CHROMIUM 
COPPER 





rolled to your most 
exacting requirements 


For Further Information Contact 


PENN PRECISION PRODUCTS, Inc. 


501 CRESCENT AVE. @ READING, PENNA. 
EE Phone Reading 63321 








More than two thowsend satisfied users 
WiLL TESTIFY YoU 


SAVE 3 WAYS 
WITH A LUCIFER FURNACE 


1—Save on First Cost 
CHECK THESE PRICES 


Furnace Size 2000 2300 
6= 6x12" 5 500.00 S$ 600.00 
ox Ox 18" 750.00 850.00 
12x12x24" 1000.00 1100.00 
18x 18x36" 1500.00 1600.00 


Complete with 100% automatic 
electronic controls 


2—Save on Man Hours 


Less operater attention needed—Lucifer controls 
are EXACT. They reach SPECIFIED heat rapidly 
and retain SPECIFIED temperature without varia 
tion. Ne special experience required when you use 
a Lucifer Furnace 


3—-Save on Maintenance 


Fineet refractory materiats are built inte Lucifer 
Furnaces for better, more efficient heat retention 
Elements are guaranteed, tong lived, trouble free 
WRITE FOR FREE LITERATURE, specifications 
and price list of Lucifer Furnaces in wid 
of sizes—top loadi 
Engineering advic 
wire or phone 















AN INVESTMENT OF 


1750 


WILL BRING YOU 
AMAZING RESULTS! 


probably invested thousands 
of dollars in material equipment and 
dea to cut costs and nerease pro 
ductior NOW for an investment of 
only $17.50 you can d ver a new 
onder working cutting | $1 0 
delivers, freight prepaid, 10 gallons 
f Kelkut 202EP Soluble Oil Lut 
back to 4 times further than or 
dinary emulsifiable oil it will do 
work ne ther oil will ds It increases 
production and re ice rejecta on any 
metal during Cutting, Drawing, Tay 
ping Thread v Grinding and 
Broaching It's far super n ever 
characteristic (ase histori« to 
back up cla end order or 
pany letterhead with our gnature 


and title. You'll be glad you did 


SATISFACTION GUARANTEED 


FREE! 


You hove te reed 
this Quenching Of! 
Story te believe it 
Write for your free 
copy 


|e 


r 
ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th Bt., Cleveland 11, Obie 












































































































































































Our specialty is equipment for handling 


parts through heat treating, quenching, pickling 


and kindred operations. For a generation we have designed and built 


baskets, trays, fixtures, hangers, carburizing boxes, retorts and every 


conceivable device for work handling 


engineers will gladly submit suggestions or work with 


You can profit by our experience. Our 


engineers 


to solve heat treating equipment problems. Write for catalog. 


Stanwood. 


4817 W. Cortland St. 


ARBURIZING 
BOXES 


Chicago 39, Wil. 


QUENCH TANKS ReTORTS 
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Birmingham ¢« Boston « Chicago « Detroit « Houston « St. Lovis « Los Angeles « Seattle « Son Francisco 
Designers © Fabricators @ Erectors 


Ges Piant Equipment and 
industrial Furnaces 


THE GAS MACHINERY CO. (Canada), itd. 


HAMILTOM ONTARIO 


16718 WATERLOO ROAD 
CLEVELAND 10, OHIO 


LIST NO. 132 ON INFO-COUPON BELOW 





HESE Stainless Steel Aircraft Parts, 
Hardened at 2000° and Over, Remain 
Sparkling Bright With No Appreciable Size 
Change ... A Tribute to STANDARD'’S 
Craftemanship and Exclusive Processing. 
YOUR SAMPLES PROCESSED FREE OF CHARGE 





THE A. F. HOLDEN COMPANY 


MANUFACTURING PLANTS 


LOS ANGELES, CALIF NEW HAVEN, CONN 


HOLDEN 
METALLURGICAL 
PRODUCTS 


MORE FOR YOUR MONEY 


SALT BATHS 
with Additives 
300 - 2300° F. 


POT FURNACES 
GAS ° Olt 
300 to 1800° F. 


ELECTRODE 
GATH FURNACES 
300 - 2300° F. 


LESS SUPERVISION 
SALT 


PROVEN PERFORMANCE 
FORGE FURNACES 


INDUSTRIAL OVENS 


PROVEN GUARANTEES 300-2300 F 


LIST NO. 127 ON INFO-COUPON BEL 





READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
7301 Ewelid Avenve, Cleveland 3, Ohle 
Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | heve listed belew— 
(Please check) 


Send Catelog Send Nearest 
or Engineer- Price Source of 


ing Date Info Supply 








(Bulletin Boa: 4d Item Number) 
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~ +--+ OFFERS 
the most advanced 
Salt Bath Furnaces 
FOR . wc 


BATCH 
TYPE 


° 


CONVEY ORIZED 
TYPE 
WORK 


ALUMINUM 
BRAZING 


UPTON ELECTRIC FURNACE CO. 
16808 Hamilton Avenue 
Detroit, Michigan 
Phene: Diamond 1-2520 
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A MULTILAYER PRESSURE VESSEL 
is built up from concentric layers 
of relatively thin steel plate pro 
gressively wrapped, tightened and 
welded together around an inner 

pressure - tight cylinder. Inner 
layer is made like any solid wall 
vessel. This highly efficient, pat 

ented construction makes possi 
ble economies—with safety and 
flexibility of design —in heavy 

wall vessels intended for use at 
extremely high pressures. United 
States Steel helped the manufac 

turer develop a special steel for 
these Multi-layer vessels 


saves money on heavy-wall, high-pressure vessels 





With its ingenious Multi-layer pres- 
sure vessels, A. O. Smith Corpora- 
tion opens up almost unlimited 
possibilities to the design engineer 
for commercial-size vessels for un- 
usually high pressures from 7500 to 
30,000 psi. Instead of using hard-to- 
fabricate, heavy-gauge plates A. O. 
Smith builds up the thick walls of 
these vessels with multiple layers of 
thin steel. As a result, welding condi- 
tions are improved and stress relief 
is not needed. Consequently, Multi- 
layer fabrication of heavy wall cylin- 
ders is more economical. 


USS METALLURGICAL SERVICE 
HELPED SOLVE THE PROBLEM 


When A. O. Smith engineers first 
conceived Multi-layer construction, 
process pressures were within limita- 
tions of standard A.S.T.M. steel 
strengths. However, as pressure de- 
mands increased, A.O. Smith needed 
a new and very special steel. And 
that is where United States Steel 
came to their aid. We helped them 
develop a high-tensile, high-yield 
strength, low-alloy plate steel with 
a minimum ultimate strength of 


105,000 psi., a minimum yield 
strength of 70,000 psi., and good 
weldability. 


HELP FOR YOU 


When you have any sort of steel 
problem, let USS metallurgists help 
you with it-whether you need a 
special steel or just want to be sure 
you have the very best of the stand- 
ard AISI analyses for your job. 
Phone our nearest district sales office. 
Or write United States Steel, Room 
4987, 525 William Penn Place, Pitts- 
burgh 30, Pennsylvania. 


See The United States Steel Hour. It's a full-hour TV program presented every 
other week by United States Steel. Consult your local newspaper for time and station 


UNITED STATES STEEL CORPORATION, PITTSBURGH - COLUMBIA GEWEVA STEEL DIVISION, SAN FRANCISCO 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 


arilloy 


ELECTRIC FURNACE OR OPEN HEARTH 


UMITED STATES STEEL CEPORT COMPARY BLe TORE 


+ UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIGUTORS 


Steels 


COMPLETE PRODUCTION FACHITIES IN CHICAGO Of PITTSBURGH 





Here, one of the cylinders is being forged on 
the 7,000-ton press. Masterful work on the 
mandrel and precision manipulation of the 
press provide proper thickness/diameter ratio 


The cylinder (largest of its kind ever forged) is 
about to be lowered into the water quench tank 
after heat treating. 


GE gets ready 
to make some big crashes 


General Electric's Large Steam Turbine-Generator 


Department recently installed a high-speed burst pit 
to investigate the bursting characteristics of wheels 
and rotors. Model forged turbine and generator 
shafts and other partial and full scale parts will be 


spun at speeds up to 25,000 rpm or until they burst 


The big burst pit includes two concentric forged 
steel cylinders, made by the Homestead Forgings 
Division of U.S. Steel. These 60-ton cylinders must 
possess a strength that almost defies description be- 


cause tremendous forces are at work here 


Imagine 200 automobiles traveling 100 mph crash 
ing simultaneously. These U.S. Steel Quality Forg 


ings have been designed to absorb that same amount 


SEE The United States Steel Hour. It's a full-hour TY progrom 


week by United States Steel. Consult 


UNITE OD 


ea & a me 


of energy (200 million foot pounds 


With this testing facility, General Electric engi 
neers expect to learn new things about material 
strength and rotor design which will permit building 
ever-better turbine-generator units to keep up with 


the demand for low-cost electric power 


U. S. Steel’s Homestead Forgings Division pro 
duces a complete range of high-quality forgings, in 
cluding turbine-generator shafts, heavy machinery 
parts, and giant sleeves like GE is using in this burst 
pit. We solicit your inquiries or requests for our free 
booklet on USS Quality Forgings. Just write to 
United States Steel, 525 William Penn Place, Room 
4799, Pittsburgh 30, Pa 


presented every other 


your local newspaper for time ond station 


et te eR fe 






































During tests, the two forged cylinders will 
be evacuated to .0001 atmosphere. The 
small air-operated driving turbine is shown 
positioned on the center cover piece 











forged steel rolls and back-up roll sleeves 








HIGH TEMPERATURES and severe thermal shock call for furnace arches that can take it. Plant engineers find that refractory concrete furnace 
arches made with Lumnite calcium-aluminate cement give long, trouble-free service, yet cost less than other types 


“Now we get three forge-furnace arches 
for the price of one!” 


“We reduced the cost of furnace arches 65% by casting them ol 


refractory concrete made with Lumnite* cement, reports the 


plant engineer of a leading forge plant in the Chicago area.** 
“Refractory concrete arches have given us excellent service 
even in periods of extremely heavy production when tem 
peratures soared 

Easily cast in wooden or steel molds, pre-cast monolith 
arch sections save installation time by eliminating costly 
fitting. They give long, trouble-free service, too, because 
there are no small units to work loose. 

You'll find many other time- and cost-saving uses for re 
fractory concrete made with Lumnite calcium-aluminate 
cement and suitable aggregates in your plant. Keep a supply 

NEW ARCH BEING PLACED at large midwestern forge plant of Lumnite cement or prepared Lumnite-base castables on 
This company is enthusiastic about the outstanding service hand for emergencies. Castables are pac kaged mixes of 
gran by velvastary concrete arches made wihh Lumnit Lumnite cement plus aggregates selected for specific temper 
ature and insulation needs — made and distributed by lead 
ing manufacturers of refractories. Write today for informa 
tion about industrial concretes made with Lumnite cement 


UNIVERSAL ATLAS CEMENT COMPANY 


UNITED STATES sTeet (Us) CORPORATION SUBSIDIARY 


100 PaRmK AVENUE, NEW YorK 17, 6. ¥ 


Offices: Albany - Birmingham - Boston . Chicago - Dayton - Kansas City 
Minneapolis - New York - Philadelphia . Pittsburgh - St. Louis - Waco 
*"“LUMNITE™ is the registered trade-mark of the calcium-aluminate 


cement manufactured by Uniwwersal Atlas Cement Compar 


**Name on request . 


; At ® i 
FABRICATED METAL MOLDS in three sizes are used by this YZ Comonit 


forge plant to cast arches for 25, of their furnaces. Refractory 
concrete arch sections sre easily precast and stored for future FOR INDUSTRIAL CONCRETES 


use eliminate costly fitting problems REFRACTORY « INSULATING « OVERNIGHT « CORROSION-RESISTANT 
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REDUCE YOUR MACHINING OPERATIONS, REDUCE SCRAP 
get a Superior wrought metal product with Anaconda extruded shapes 


Cost-paring possibilities unlimited: In 
few areas can imagination and inge 
nuity pay off SO handsomely as when 
applied to the use of extruded shapes 
Visualize your finished parts as cross- 
sectional pieces cut from a long ex 
truded shape 

Costs come down, quality goes up: Ex- 
truded metal is wrought metal—tough 
dense - grained, smooth-surfaced, and 
easy to machine. When you switch 
from cast parts, you eliminate rejects 
due to pits and porosity; you reduce 
machining, scrap ...and finishing time. 
A martufacturer of hosiery knitting 


mac hines for example found he Save dd 
from 25-30% over cast brass. He makes 
120 components from 12 different 
ANACONDA Extruded and Drawn Brass 
Shapes. He also gets the superior pre 

cision, balance, and long-wearing and 
bearing qualities in these parts, which 
must operate at high speeds. 

Metals: Extruded shapes are available 
in copper, brass, bronze, and special 
copper alloys—in long mill lengths suit 

able for feeding into turret lathes ot 
automatic screw machines 

Our experience at your service: The 
American Brass Company pioneered in 


extruded shapes. The accumulated ex 
perience of the organization, its wide 
selection of dies, may he Ip you short 
cut production and save money 

We'll be glad to make suggestions 
based on your sketch on sample Ad 
dress: The American Brass ( ompany 
Waterbury 20 In Canada 
Anaconda American Brass Ltd., New 
Toronto, Ont 


Conn 


~ 


ANACONDA 


EXTRUDED SHAPES 
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X- ray 
inspection 
anywhere! 








Truck-mounting of OX-175 with elevating tube 
stand converts this rugged, dependable, port 
able x-ray unit into a mobile inspection tool for 
laboratory and shop 





Simply staged and remotely controlled, the port- 
able OX-175 provides positive check of the 
welds on this oil storage tank, 








with industry’s most 
versatile x-ray unit — 
General Electric’s OX-175 


Fifty feet off the ground...or inside a 

15-inch opening — General Electric's new 

OX-175 is the answer to almost any radio 

gtaphic inspection procedure. Light weight 4 eth f abe VAbS - | 

and small tubehead size — plus control 6 Sa eeltt i \9 wre, ~~ 

cable lengths up to 200 feet — permit ie ‘4 OE oy in fh. 

checking of welds, castings or assemblies wt ' As ee es 

in the shop or in the field. af te wa an? % 3 : re 
There are three models to choose from 

... any of ten types of mountings. And 

note this — with its flat target tube, the 

OX-175 produces a 360° field of radiation 

that can radiograph an entire circumferen 

tial weld in one exposure. 


Your G-E x-ray representative will show 
you how the OX-175 can extend your 
range of x-ray inspection. Call him today, 
or write X-Ray Department, General Elec- 
tric Company, Milwaukee 1, Wisconsin, 
for Pub, AS124 


Phogress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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(~~ Your latest reference to better production 











= ={ NEW J&L BOOKLET ON 


























_! EXTRUDED 








SECTIONS 








WITH J&L 
EXTRUDED SECTIONS 
YOU CAN: 


1. ELIMINATE 
time and costs in machining operations. 


2. ELIMINATE 
time and costs in finishing operations. 


3. REDUCE 
scrap losses practically to the zero point. 
1. YOur 


4. ELIMINATE formed we aoe *8tion Is pre 
the cost of castings and forgings of intricate of cottons eaereee 
racticg y unlimited 


sections requiring considerable machining. 2. YOUR 














‘On con b 
Quickly and easily Produced. y " 
ou 


J&L Extruded Sections are Custom-Made for you. thor? tina” yt @ comparatively 
They can be preformed to the predominating cross der Vm ‘he kena the 
section of the part you wish to produce. And the 

range of sections is almost limitless. These sections 3. » Your 

possess the physical benefits and accurate toler- cee ns Stele 
ances derived from cold drawing. And you can ay 

obtain them in a wide range of analyses. ' trom a 


Use this handy coupon. This new booklet contains de- R qWontity” prob 
tailed information about the money and time saving advan- Qvontities are 
tages realized with the use of J&L Extruded Sections. 


Sones ¢ Laughlin 
STEEL CORPORATION — Pittsburgh 


ee 
Jones & Laughlin Stee! Corporation 
3 Gateway Center, Dept. 405 
’ Pittsburgh 30, Pa. 
pee: gh oe paying om sey 
ON 
Company 
Street_.. 
a Zone_._—Stote.... 
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Metal parts come clea 


2 WCHLORethylene 


Highest Quality ° Re-usable ° Economica 
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Photograph courtesy The Kleer-Flo Co,, New York, N.Y. 


NIALK TRICHLORethylene is one of the most efficient 
of all metal cleaning and degreasing agents. 


Characterized by a high degree of purity, uniform quality 
and chemical stability, NIALK TRICHLORethylene is 
recoverable for re-use. This, coupled with its greater effi- 
ciency, makes it doubly economical! ... assuring you greater 
cleaning power from every gallon you buy. 


NIAGARA ALKALI COMPANY Send for free illustrated booklet, NIALK TRI- 


CHLORethylene, containing valuable data on the 


60 East 42nd Street, New York 17, N. Y. use and handling of this chemical 
Plant: Niagara Falls, N. Y. 
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SUCCESSFULLY xi 
BRAZED WITH «ges 
SILVALOY 


LOW TEMPERATURE SILVER BRAZING ALLOY 


‘ 


The Ansul Dry-Eye system exemplifies outstanding efficiency in 


concept and design. It is a product of Ansul developmental re- | “s ; 
search employing a T-flow principle for maximum drying efficiency a Brae 
and a special indicating element which tells at a glance the ap- 
proximate moisture content of the refrigerant. It is quick and easy 
to install—and the cartridge can be replaced when required, in less 
than a minute. This is an important consideration in refrigeration 
manufacture and service. 
Production of the T-Flo Drier is kept at peak efficiency. Joints 
ore brazed in an induction unit with Silvaloy preforms a produc- 
tion procedure that assures positive, leakproof assemblies. 
Low temperature Silver Brazing is help- 
ing to improve results, speed production 
and lower costs for manufacturers in 
many fields. Call the Silvaloy Distributor 
in your area for complete information or 
technical assistance. 2 Ss ae Lae oto 
brozed to steel body. Air 
cylinder is weed te held 


spring-loeded ports in 
place in induction coil 














all 


"s/WALOY 


THE SitLVALOY DISTRIBUTORS 


EAGLE METALS COMPANY EDGCOMB STEEL OF NEW ENGLAND, INC. OLIVER H. VAN HORN CO., INC, STEEL SALES CORPORATION 
SEATTLE, WASH. « PORTLAND, ORE MILFORD, CONNECTICUT NEW ORLEANS, LOUISIANA CHICAGO, ILL. «+ MINNEAPOLIS. MINN 
SPOKANE, WASH NASHUA, NEW HAMPSHIRE FORT WORTH, TEXAS INDIANAPOLIS, IND. « KANSAS ‘ 
EDGCOMB STEEL COMPANY a ne ead pita crap Ayre — 
PHILADELPHIA, PA. +» CHARLOTTE, N. C porpelcnprpereney SVE COMPANY MILWAUKEE. wis ; —_ 
BALTIMORE, MD. + YORK, PA CLEVELAND, OHIO , 
KNOXVILLE. TENN PACIFIC METALS COMPANY LTD. 

BURDETT OXYGEN COMPANY SAN FRANCISCO, CALIFORNIA 
MAPES & SPROWL STEEL COMPANY CLEVELAND + CINCINNATI SALT LAKE CITY, UTAH LICENSED CANADIAN MANUFACTURER 
UNION, NEW JERSEY COLUMBUS + AKRON + DAYTON LOS ANGELES, CALIFORNIA 


BAKER PLATINUM Of CANADA. LTO 
NEW YORK CITY YOUNGSTOWN + MANSFIELD « FINDLAY SAN DIEGO, CALIFORNIA 


TORONTO + MONTREAL 


THE AMERICAN PLATINUM WORKS «2s 


231 NEW JERSEY RAILROAD AVENUE + NEWARK 5, NEW JERSEY 
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WHICH DIE STEEL WOULD YOU USE HERE 


to increase production from 100 to 23,000 parts? 


l.ven after trying many different die steels, production 
averaged only about 100 pieces before this ring die had 
to be replaced 

The die cold forms cups as the first operation in pro 
ducing rocket projectile noses from SAE 1010 Steel 
kiven though the ring die is press fitted into a four foot 
diameter hardened retainer ring (Re. 34/36), the 1700 
tons ot pressure exerted inl powce! extrusion premature ly 
stretches the die. The 12 Ib. 2 oz. cups must be held 
within .2 of a lb. and wall thickness within .010” 

Which die steel would you specify in a move to cut 
replacement costs and improve production? 

rom our customer Field Report files, here's how the 
toolroom solved the problem. ‘The Carpenter Matched 
Set Method showed that Carpenter VEGA ( Air-Tough 
Die Steel was a natural for the job. Latest report show 
that the VEGA ring die had increased production from 
100 to 23,000 cups, and is still banging them out 


|= 


IMMEDIATE DELIVERY trom local warehouse stocks 


What better guarantee of success can you find for 


your own jobs than the word of hundreds of toolroom 
men who rely on Carpenter. Why settle for “ordinary 
results when Carpenter is ready to help you explore the 
possibility for improvement? Call your nearest ¢ arpenter 
Mill-Branch Warehouse, Office or Distributor nov 
I'he Carpenter Steel Co., 133 W. Bern St., Reading, Pa 


How can your toolroom use Carpenter Matched 
Tool and Die Steels to: 
Reduce hardening hazards 
Minimize machine downtime 
Boost output per grind 


Improve product quality 


[arpenier--' 


Matched Tool and Die Steels 


Export Address: Port Washington. N. Y CARSTEELCO 























Looking for cheaper biast cleaning? 


PANGBORN BLAST CLEANS CHEAPER 
BECAUSE famous Pangborn Rotoblast 
cleans fast. Rotoblast throws a heavy 
volume of abrasive quickly over a large 
surface area. This speed of operation 
increases your rate of production, cuts 


operating expe nses 


< BLASTMASTER Barre! for batch cleaning 





PANGBORN BLAST CLEANS CHEAPER 
BECAUSE Rotoblast actually does a ter- 
rific job! Its uniform cleaning action 
economically produces a more desirable, 
brighter finish and allows more efficient 
use of high-speed machine tools in 


further processing. 


ROTOBLAST ROOM for miscellaneous work > 





PANGBORN BLAST CLEANS CHEAPER BECAUSE Rotob! 
Pangborn... pean 


saves labor costs... because it requires less power to operate 

. because its versatility accommodates a wide range of work 
Send for Bulletin 227 today. Write PANGBORN CORPORATION, 
1800 Pangborn Blvd., Hagerstown, Md. Manufacturers of Blast 
Cleaning and Dust Control Equipment 


4 ROTOBLAST “GO” Barrel for continuous-flow requirements 


Whatever Pangborn Rotoblast machine 
best suits your requirements... 


Pangborn 


BLAST CLEANS CHEAPER 


fe = i ta ® 


Rotoblest Biestmosier®) Reotobles Tebles Specie! Bios! Room: Pongborn Dust Meolleabsosve. 
& Continvews-Fle Sorrel = & Teble-Room & Cobimnets Control Lquipment thot & Get 
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Heating, cooling and quenching chambers in this 
Surface Combustion Corp. furnace (at the right) all 
carry a DRY controlled atmosphere. 


This Lectrodryer (center above) delivers DRY gas 
from the generator at the left to these two furnaces. 





For maximum dependability, Harper Fastenings 
are heat-treated in a —50° F. dewpoint atmosphere 


“... plus an absolutely clean surface condition 
after heat treatment.” That's how emphatically 
The H. M. Harper Company of Morton Grove, 
Illinois, points up the need for strict control 
of furnace atmospheres. Therefore, all heating, 
holding, slow cooling and quenching are done 
in special furnaces of the type shown here, to 
assure maximum physical properties in their high 
temperature and corrosion-resistant fastenings. 

Extreme DRYness, a requirement for many 
controlled atmospheres, is achieved by this 


Lectrodryer*. It maintains the gas at a dewpoint 
below -50° F. Your gas generator or furnace 
manufacturer can advise you on atmospheres 
suited to your needs. Where DRYness is re- 
quired, he'll quite likely include Lectrodryer 
equipment. 

The book, Because Moisture Isn't Pink, shows 
you how various manufacturers are using DRY- 
ing with Lectrodryers in their operations. For a 
free copy, write Pittsburgh Lectrodryer Corpora- 
tion, 317 32nd Street, Pittsburgh 30, Pa. 


in England: Birlec, Limited, Tyburn Road, Erdington, Birmingham. 


LECTRODRYERS pRY 
CTIVATED ALUMINAS 


witH A 





ne Chis ai 
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in France: Stein et Roubaix, 24 Rue Erlanger, Paris XVI 
in Belgium: S. A. Belge Stein et Roubaix, 320 Rue du Moulin, Bressoux-Liege. 


LECTRODRYER 


“REGISTERED TRAOEMARK U. 6. PAT. OFF 


| 








EASY-FLO 


BRAZED CONSTRUCTION 


.--foday’s way of making 
metal products better — 
for less cost—more profit 





FABRICATING FROM simple screw machine 
parts and stampings or tubing joined with 
EASY-FLO—that's EASY-FLO brazed 
construction, 

EASY-FLO is the key factor, because this 
low-temperature silver brazing alloy just 
naturally produces high-strength, leak-proof, 
virtually indestructible joints in ferrous, 
non-ferrous and dissimilar metals. What's 
more EASY-FLO does this with unmatched 
speed and economy because of the alloy's 
low flow point and extreme fluidity. 

The faucet spout shown, is typical of the thou- 
sands of parts and products now made better 
and at far less cost through effective appli- 
cation of EASY-FLO brazed construction. 


GET FULL EASY-FLO BRAZING FACTS NOW 


Bulletin 20 will bring them. It may 
well open the door to better prod- 
ucts and added profits for you. 
Write for a copy today, 


Parts are held in fixtures with EASY-FLO 45 

pieces preplaced and brazed by gas-air burners ' 

One fixture is loaded while other is heating @\ + EASY-FLO SHIM 
mq EASY.FLO WIRE 


Brass boss and sleeve 
of the faucet spout 
are screw machine 
parts. An EASY-FLO 45 
shim and piece of bent 
wire make the joint at 
the boss end, and a 
piece of the alloy wire 
makes the sleeve 
joint. Tubing ends are 
precisely shaped to fit 
boss and sleeve 


BRASS BOSS 1 


In the brazed as 
sembly at right, note 
neatness of the joints 

just a fine line of 
alloy all around — evi 
dence of the unre 
stricted capillary ac 
tion and all-over 
penetration assured 
by EASY-FLO’s excep 
tional fluidity. Finish 
ing EASY-FLO joints is 
seldom necessary 


And here's the 
smooth, gleaming 
spout after plating. No 
sign of a joint is visi 
ble. From every angle 
it's the equal of a 
single, homogeneous 
piece 


Photos and data 
EASY-FLO WIRE courtesy of the 
» Delta Detroit Corp 


BRASS suesve r Detroit, Mich 
S 


OFFICES and PLANTS 


BRIDGEPORT, CONN 
PROVIDENCE, &. | 
CHICAGO, {LL 


CLEVELAND, OHIO 
DETROIT, MICH 

LOS ANGELES, CALIF 
TORONTO, CANADA 
MONTREAL, CANADA 


General Offices: 82 Fulton $t., New York 38, N.Y. 
DISTRIBUTORS IM PRINCIPAL CITIES 
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<i presents ihe KEL-RAY Projed 
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Depending on the projector model and servi 


e requirements either encapsulated 


Cobalt 60, Cesium 137 or Iridium 192 is used as the gamma ray source 


NON-DESTRUCTIVE INSPECTION and TESTING 








KEL-RAY projectors have ex- 








tremely low radiation leak- 
age. ..so low they can be 
shipped and stored without 
additional shielding, They 
are tamper, fire, and shock 
proof. Operated under pre- 
scribed procedures, leakage 
is below the AEC limit. 


Each of the three KEL-RAY Projector models 
is a portable, powerful, shielded, self-contained 
source of penetrating radiation for non-destruc- 
tive inspection in maintenance, 


® trade Mark of The M. W Kellogg Company 


Sold exclusively by Metal & Thermit Corporation 
rs Designed and manvtactured by 


The M. W. Kellogg Compony 


A single set-up can produce 
either spot, doughnut, or 
hemisphere panoramic 
radiographs. Thick steel sec- 
tions can be radiographed; 
sensitivity is so great even 
incandescent lamp filaments 
have been radiographed 
with a KEL-RAY projector. 
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a 


quality control. 


construction or 


Designed for field or shop 
use, the smallest model can 
be carried by hand—largest 
is transported and posi- 
tioned speedily with stand- 
ard equipment for materials 
handling and rigging. 















Initial and operating costs 
are low. No delicate parts 
to pamper or adjust .. . no 
expensive electrical power 
source required. Minimized 
overall set up and exposure 
time provide further sav- 
ings. 


There is a KEL-RAY Gamma 
Ray Projector that can improve your operations 
—save you time and money! Write for detailed 
literature. 





Sheffield Tube Corporation 
melts 2,200 Ibs. of lead per 


The Sheffield Tube Corporation, New London, Conn., manu 
factures tubes for toothpaste, cosmetics, drug specialties and 
similar products. Slugs for extruding are punched from thin 
lead sheets, which are rolled from moulded slabs. To melt large 
“pigs” for moulding these slabs, Sheffield formerly used three 
pots: two meltdown pots, feeding into a 1,276 lb. capacity 
holding pot. This equipment has been replaced by one Kemp 
Immersion Melting Pot, capable of melting 2,200 Ibs. of lead 
per hour. 

Kemp boosts production .. . cuts down-time 
Formerly, one man produced about 500 slabs daily; dross for- 
mation had to be removed two or three times daily; and the 
pots were replaced after anywhere from 6 weeks to 6 months 
of operation. With the Kemp Melting Pot, two men now mould 


é 


reports: Kemp Melting Pot 
hour, eliminates down-time 


about 1,400 slabs daily. During the first 5 weeks of service 
dross was not removed once—and except for an occasional 10 


minute valve-cleaning job there was no down-time at all 


Kemp can help you 


Whatever your application, it will pay you to investigate Kemp 
Melting Pots. You'll benefit in many ways: Kemp units are not 
subject to periodic and expensive breakdowns offer greater 
heating surface, faster heat recovery, lower dross formation, 
lower room temperatures. Whatever your problem, Kemp units 


will help cut labor costs, eliminate lost time, increase output 


Find out how Kemp engineers can provide the most profitable 
solution to your heating or melting problems. Write for Bulle 
tin IE-10 today 


IMMERSION MELTING POTS 


CARBURETORS - BURNERS + FIRECHECKS - ATMOSPHERE 
& WERT GAS GENERATORS . ADSORPTIVE ORvERS 
SINGEING EQUIPMENT 


THE C. M. KEMP MFG. CO. 
405 fast Oliver Street, Baltimore 2, Meryiend 
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insuring high quality is the job of the X-ray Department. Du Pont Type 506 Industrial 
X-ray Film is used most extensively because of its wide latitude and extreme clarity. When 


heavier parts are to be x-rayed, Type 504 is used with Du Pont “Patterson” Screens. 





Internal characteristics of this structural casting 
ore being checked with a 150-kv x-ray machine, 
using Du Pont 506 Industrial X-ray Film 










Ws WOW 


- 
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Radiographs of die castings are examined by 
James Bell, Val Zabek and Steve Phillips, of the 
Etobicoke Works, Aluminum Company of Canada. 


“We've used Du Pont X-ray Film for over 12 years... 
its qualities are ideal for our critical work’’ 


Val Zabek, Chief Plant Inspector, Etobicoke Works, Aluminum Company of Canada, Toronto, Ontario. 


“We find Du Pont Film ideally suited 
for our work with light metal alloys. 
Du Pont Films have excellent defini 
tion, fine grain and the contrast 
ranges we need... qualities we sim- 
ply must have to maintain critical 
tolerances,” says Val Zabek of the 
Aluminum Company of Canada 
“Type 506 X-ray Film is used to 
check products in all stages of devel 
opment, insuring high quality in the 
final product. Our dependence on 
x-ray inspection means we must use a 
film that gives us true reproduction.” 

Steve Phillips, Foreman of the X- 
ray Department, adds: “More than 
15,000 sheets of Du Pont X-ray Film 


are used here each month for many 
difficult jobs. The film is subjected to 
rough handling during exposure and 
reading. It stands up under the hard 
production usage we give it and has 
high resistance to abrasion and finger 
marks. It’s a consistent film that we 
can always depend upon!” 

Mr. Zabek concluded: “Service 
and delivery by Du Pont have been 
more than outstanding, and we have 
never had a problem that George 
Ross, our Du Pont Representative, 
has not been able to handle to our 
complete satisfaction.” Your own 
Du Pont Representative will be glad 
to supply free samples. 


FOR MORE INFORMATION, 


contact the nearest Du Pont District Office or 
the Du Pont Company, Photo Products Depart 
ment, Wilmington 98, Del. In Canada: Du Pont 
Company of Canada Limited, Montreal 


DISTRICT OFFICES 


Atlanta 5, Ge 805 Peachtree Building 
Boston 10, Mass 
Chicago 18, 
Cleveland 14, Oe 


140 Federal Street 

Calttornta Avenue 
mmerce Bidg 

Daties 7, Texas 

Los Angeles 32, Calif 

New Yoru 11, 8. 


1628 Oak Lawn Avenue 

1051 Santa Monica Boulevard 
248 West 18th Street 
Philedeiphia 2. Ps 225 South 15th Street 
Export Nemours Bide Wile 9. Deteware 


Canada Du Pont Company of Canada Limited, Montreal 


BETTER THINGS FOR BETTER LIVING 
THROUGH CHEMISTRY 





DU PONT X-RAY PRODUCTS 


FILMS ° 





“PATTERSON” 


SCREENS ° 





CHEMICALS 














ITEMS LIKE THESE AVAILABLE AT 


WAREHOUSES! 


INDUSTRIAL WIRE CLOTH 











[iJ 


BRASS STRAINER CLOTH 








~ 
? ALL US FOR ANYTHING from Bearing 
Bronze Bars to Brass or Bronze Bolts...or 
other fastenings like those shown here for 


maintenance, repair, Oj cating or production, 





Twenty-five Chase warehouses are located 





in major industrial centers from coast to 


coast. Phone the one nearest you. We can 


- 
usually fill your orders from stock. 


NEW! Chase's informative rod and wire movie 
“IN THE CHIPS.” Arrange for a free loan of this film 


by contacting the Chase warehouse or sales office 


BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


near you. Write on your company letterhead, today! 


The Nation's Headquarters for Brass & Copper 


Atlanta Baltimore Boston Charlotte? Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids! Houston indianapolis Kansas City,Mo. Los Angeles 
Milwaukee Minneapolis Newark New Orleans New York Philadelphia Pittsburgh Providence Rochester! St.Louis Sen Francisco Seattle Waterbury (| sales office only 
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Thompson Wire Company 
anneals cold rolled strip with G49 


These are Gas-fired annealing facilities at Thompson 
Wire Company, Baltimore, Maryland. Here, modern 
industrial Gas equipment anneals cold rolled strip and 
assures proper quality for a variety of applications. 
Coils of strip are placed one on top of the other on 
a stationary base. Then, a portable Gas-fired bell 
furnace is lowered over the stacked coils. Twelve 
Eclipse Gas burners heat the coils to the proper an- 
nealing temperature in a prepared inert gas atmosphere 
released from inner cones. After firing, the furnace is 


lifted from the base and replaced with a cooling hood 
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which helps slow down and equalize the cooling rate 
Finally, the hood is removed and the coils of strip are 
lifted from the base. 

With Gas, Thompson Wire Company can anneal up 
to 50,000 pounds of strip in 36 hours. Thompson Wire 
also uses Gas for water heating 

For further information on how Gas can help you in 
your heat treating operations, call your Gas Company 
Industrial Spec ialist. He'll be glad to discuss the econ 
omies and results Gas and modern Gas-fired industrial 


equipment can provide. American Gas Association. 








A Ward Leonard Type M Vitrohm 
rheostat using contacts made from 
extruded shapes , 


Ward Leonard Electric Co., Mount Vernon, N. Y., make 
i line of high quality power rheostats marketed under the 
trade-name Vitrohm. Anywhere from 41 to 161 individual 
stationary contacts, or buttons, have to be embedded with 
Ingenious application eliminates their resistance elements in an insulating vitreous enamel 


ill contacts uniformly set and spaced, for uniform perform 


hand assembly, makes absolutely ance. Their patented process originally used buttons blanked 
. . . out of sheet brass—hand assembled and spaced on a steel 
uniform stationary contacts in wire to hold them while the vitreous enamel was fired 
Ward Leonard power rheostats el eee ee ee eels 
is accurately slotted for correct spacing forming a continu 
ous line of buttons connected by a triangular “wire which 
is an integral part of the extruded shape. When sections are 
curved, the buttons remain uniformly spaced and oriented 
After the button assemblic ue embedded in the vitreou 
enamel, the connecting wire is easily milled off. Ward 
Leonard gets absolute uniformity with less effort and fewer 
rejects—it gets healthy dollar savings despite the fact that 
more than half of the extruded shape is milled out 


Imagination ipplied to extruded shapes can pay big 


civics nas lower dire ct labor costs fe wer mac hining oyn ru 


tions—less crap improved product quality Your Anaconda 
repre sentative will be glad to work with you, The American 


Br iss ( ompany W iterbury ZU ( cotiti In ¢ inada Anaconda 


American Brass Lid., New Toronto. Ont 7 


ANACONDA 


EXTRUDED SHAPES 
CROSS SECTION VIEW of a Ward Leonard Vitrohm Type S rheostat 


showing how contacts are embedded in a vitreous enamel Short cuts toa finished product 
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smaller chips mean... 





bigger savings 


Cut costs with RYCUT steels! 


Three new Ryerson leaded alloys 


These short, fast-breaking chips have real 
meaning to cost-conscious purchasing and 
production men. In an ever-increasing num- 
ber of shops, small chips like these mean that 
the switch has been made to Rycut steels. 
They mean that tools are turning faster 
that production is up as much as 200%. 

The secret of Rycut’s machining speed is 
a minute quantity of lead, finely dispersed 
throughout the steel. This acts as a lubricant 
between tool and steel. The results are revolu- 
tionizing machine shop practice: 


e Up to 200% more parts can be produced 
per machine hour! 


© Tool life is lengthened as much as 300%! 
¢ Finish is improved! 


There's a Rycut leaded alloy for every appli- 
cation. Use RYCUT 20 when you need a 


carburizing alloy; RYCUT 40 for .40 carbon 
alloy applications; and RYCUT 50 for .50 
carbon alloy uses. Every one is a cost-cutter. 


Figure how much this increased production 
and longer tool life would lower costs in 
YOUR shop—and raise your profits! Call 
your nearby Ryerson plant today . . . large 
stocks assure you of quick shipment. 


NOW LEADED PLATES—Ryerson's New 
E-Z-Cut is the first leaded plate steel avail- 
able from stock. It cuts faster, polishes easier 
than other free-machining plate steel. 


LARGEST LEDLOY STOCKS ? Ryerson has 
them and this leaded carbon steel is the 
world's fastest cutting. 


he ee er ee ee ee ee ee ee ee 


RYERSON STEEL 


In stock: Bars, structurals, plates, sheets, tubing, alloy and 

stainless steel, reinforcing bars, machinery & tools, etc. 
JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK «+ BOSTON © PHILADELPHIA « CHARLOTTE, N.C. « CINCINNATI « CLEVELAND 
DETROIT « PITTSBURGH + BUFFALO «+ CHICAGO «+ MILWAUKEE « ST, LOUIS « LOS ANGELES « SAN FRANCISCO «+ SPOKANE « SEATTLE 
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Metallurgical Problems 


in Design of 


Nuclear Power Reactors 


By VINCENT P. CALKINS* 


Selection of materials for use in nuclear reactors is limited by 


such factors as radiation change and neutron absorption characteristics 


in addition to the usual engineering considerations. 


Often, powder metallurgy is the only way to fabricate the uncommon metals 


which have the properties required, (T 25) 


} ies FISSION is a new source of ener¢gy 


which may well compete with water power! and 


combustion processes, for in many ways it is 
more versatile than either of thes 


Unlike 


power can be generated in lands devoid of na 


two prime 


energy sources water power, nuclear 


tural water power resources, Unlike coal, gaso 
line oil and vas, nie le al powel! can be used 
without continually transporting tons upon tons 
of fuel material. Once a nuclear power plant is 
established, only relatively small amounts of 
nuclear fuel need be transported at infrequent 
intervals for continuous power production 
Although nuclear power is more versatile, the 


over-all power plant is similar to that for com 


bustion processes There are two essential parts 


a controlled nuclear heat source, and a heat 
engine. The nuclear heat source is equivalent 
to a combustion chamber, and the engine can 
be a steam turbine or other conventional type of 
heat engine somewhat modified. The 


perhaps 
modification of any conventional heat engine 


might involve various metallurgical problems 


*Supervisor, Materials Research and Radiation 
Studies, Aircraft Nuclear Propulsion Dept., General 
Electric Co Ohio. Condensation of 
paper presented before meeting on “Powder Metal 
jointly pon ored by U.S 


Cincinnati 


lurgy in Atomic Energy 
Atomic Energy Commission and American Society 
for Metals during the National Metal Congress in 
Philadelphia Oct. 20, 1955 
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but the real difficulti« 


trolled nuclear heat source or “power reactor’ 


) arise in design of a con 


In general, a nuclear power reactor consists 
of the following components: 

1. A nuclear fuel in a liquid or solid matrix 
material. In fissioning the fuel gives up a con 
siderable portion of its fission energy in the form 
of heat, and the matrix material serves as a fuel 
vehicle or support 

2. A moderator to slow down the fast neutrons 
so that they can more readily be captured by 
certain isotopes in the nuclear fuel and thus 
sustain the fissioning 

3 A reflector to scatter back some of the 
neutrons which are leaking or escaping from the 
vicinity of the nuclear fuel 

1. A control material containing a high neu 
tron absorber, such as boron, to control fissioning 
by regulating the surrounding neutron density 


5. A coolant or heat tran: 


gaseous or liquid 
fer medium to remove the fission energy to the 
heat engine 

6. A shield consisting of various materials to 
reduc c the extraneous neutron and vamima radia 
tion to a human tolerance level outside the 
machine 

7. Structural materials of requisite strength 


under the existing temperature ind stress 


General Metallurgical Problems 


At this point, it would be well to ask and to 
answer the question, “W hat are some of the gen 
eral metallurgical problems involved in the de 
sign of a nuclear power reactor?” Certainly, it 
is safe to say that each of the reactor com 
ponents will present problems which will interest 
even the most discriminating metallurgist. Al 
though they may be classified in various wavs 
we shall broadly classify all of them as a function 
of the following four factors: (a physical and 
mechanical property requirements (b) nuclear 
property requirements, (¢) corrosion limitations 
and (d) radiation damage 

Physical and Mechanical Property Require- 


ments — There is one outstanding difference 


between the phy sical and mechanical property 


requirements for conventional power units and 
nuclear power reactors. In a conventional unit 
the construction materials of the combustion 
chamber are heated externally. In a nuclear 
power reactor, the heat is liberated internally iy 
the nuclear fuel 


i 
and spre ads 
from the inside, out through the fuel matrix and 


through the cladding or container material to 


usually a solid 


the coolant stream. This nuclear heat must pas 
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to the coolant stream at an efficient rate or the 
entire containing system will simply melt and 
vaporize, for the heat produced by fission is 
virtually independent of the temperature of the 
nuclear fuel or its environment. Therefore, it is 
necessary that fuel-matrix materials have a very 
high thermal conductivity and that a good heat 
transfer surface exist between the fuel matrix 
With clad fuel el 
a sound metallurgical bond must exist 
between the 


and the container material 
ments 
fuel matrix and the cladding. For 
liquid fuel vehicles, the liquid must wet the 
internal surface of the container Even with 
materials that have high thermal conductivities 
and sound mechanical bonds, large te mperature 


gradients exist gradient 


These temperature 
from the inside to the outside, increase the nor 
mal stress problems and act as stress concen 
failure 

Requirements — For com 
ponents near the nuclear fuel — the fuel matri 


reflector. coolant ma 


trators which can cause premature 

Nuclear Property 
moderator, core structure 
terials and the associated piping and structure 

mater! ils must be ( hosen whic h abs« rb a mini 
mum of the free neutrons so that the reaction 
may be maintained without an excessive amount 
of nuclear fuel. Materials in the control rods must 
have even higher thermal neutron absorption 
than the fuel so that the reactor 


can be controlled prop rly. For those compone nt 


cross sections 


of a nuclear power reactor such as a recirculating 
coolant, which are normally in a high radiation 
field but are frequently removed from the r 
actor, materials with low thermal neutron absorp 
tion cross sections are desired, since the induced 
radioactivity due to the secondary radiation can 
constitute a real physiological hazard as well as a 
mechanical handling problem. For shielding ma 
terials used to protect removable components o 
accessible portions of the reactor from induced 
activity, a high thermal neutron absorption cro 
section is obviously desirable. In general, th 
thermal neutron absorption cross section is prob 
ibly the most important single property of 
nuclear power reactor material 

Corrosion Limitations — Corrosion resistance 
in nuclear reactors is more important im at least 
two respects than for conventional units. Wheth 
er the coolant is a liquid or a gas, the nucle 
fuel in the matrix material must be protected by 
cladding or by a container so that highly radio 
active fission fragments do not contaminate the 
coolant stream. For clad fuel elements, the tem 
perature along the cladding may vary consider 


ably because of uneven heat transfer: thes« 





tempet iture gradients can cause ac elerated 
corrosion of the cladding by the coolant 
Radiation damage can be defined as any ad 
erse change in the physic al and chemical prop 
erties of a material as a result of exposure to 
Studies in this field are 


p irsued throughout the country 


being con 


to the 


radiation 
tinuall 

limits imposed by existing reactors especially 
built for 


vained by maintenance or demolition of reactor 


testing materials, and observations 


for other purposes. In brief, radiation damage to 


Orvanhiics and othe covalent materials occu©nrs 
rimarily as a result of molecular excitation and 
ionization of the material: the resulting damag 
is independent of the type of radiation partich 
but it is directly dependent upon the amount of 
energy absorbed o1 deposited In other word 


materials is ob 


equivalent damage to organic 
tained for equivalent energy absorption regart 
less of the type of radiation or the dose rate 
this is a rule of thumb and is valid at least within 
i factor of two. For morgvanics and Irie tals radia 
tion damage occurs not by molecular excitation 
ind ionization but primarily by dislocations of 
itoms within the crystal lattice induced by radio 
wctive particle bombardment. This phenomenon 
in the fuel and fuel matrix material is due to th 
creation of fission fragments from the original 
and in othe 


with 


iftom 


metalli 


of the nuclear fuel isotope 
parts ot the reactor to collisions 
the fast neutrons emitted by fission. In general 
organics are over a thousandfold more suscepti 
ble to radiation damage than inorganic and me 
tallic materials 
Now that we have 


briefly pres nted the ver 


broad phy i¢ il mechanical rite le il corrosion 


ind I ii ition damage aspect ts ot i nue ke ar powe ! 
let us GIVE 


reac tor 
ot the 


with several of its component 


in slightly more detail som 
reneral metallurgical problems associated 
namely, fuel 
mode rator 


matrix and control component 


Fuel Matrix 


tems can be used in a nuclear power reactor but 


Either liquid or solid fuel sys 
since many of the reactor designs presented in 
the open literature by commercial organizations 
are based upon a solid fuel, we shall limit ow 
discussion to this system. The fuel elements 
therefore 
be ol 


ric le al 


are required in solid forms which may 
arious shapes and compositions. Two 
fuels available for these element ire 
uranium and thorium. Both are metals for which 
there existed no technology of any Importance 
15 vears ago. The metallurgist has had to devise 
means of preparing the metals, fabricating them 
in useful form and of establishing the physical 
chemical and mechanical properties which gov 
The metallurgy of both materials i 


complicated by their highly reactive nature, and 


ern their use 


corrosion 18 always a serious proble In More ove 


both metals while posse sing excellent strength 
weak and ductile 
above 1500° |} Th 


theretore in the 


it room temperature, are ver 
at elevated te mperatures 
metallurgical problem 
of uranium and thorium for fuel element 

a) fabrication into useful hape b 

tion from corrosion by cooling media, a 
providing mechanical stability at high tempera 
ture. The properties of uranium for tue | element 
may be improved somewhat by alloying to give 


improved strength or corrosion resistance The 
the metallurgist must devel p means of prepar 
ing such alloys not alwavs a simple probl mn 
Perhaps because of technical or economic rea 
ons, it may be desirable to use uranium in 
form of a chemical compound such as the 

rather than as the metal or its alloy 

vantage of this type of fuel element is that b 
incorporating the uranium as a nonreactive com 
pound within the metallic matrix of a corrosion 
resistant high-strength allov, the chemical and 
phy ical properties of the fuel element are ¢ 
entially those of the sheath material 


Moderators For the moderation of powel 


reactors, one is generally limited to water. cay 


bon, beryllium or their compounds. Water is the 


most useful since it is the che ip st and vet one 


of the most effective moderators. However. eve 


the use of water involve irious metallurgical 


problem: especially relating to corrosion, pre 


sure and te mperature, since it must be contained 
in high-pressure systems and used at te npera 
tures considerably above its normal boiline point 
The use of other liquid hydrogenous material 
ilso involves difficult container problems Solid 
moderators carbon or com 


si h “as he ry lium 


pounds of these clement 


present pre bl rY 
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ciated with fabrication and use. Dissipation of 
moderator heat and corrosion by coolants are 
problems of interest 

Control of 


requires the use of high neutron absorbers such 


Control Components reactors 
as boron, cadmium and the rare earths, None of 
these materials can be classed as high-strength 
structural metals, and boron, in fact, may be 
considered more nonmetallic than metallic. The 
problem of the metallurgist is to incorporate 


these neutron bodies 


poisons into fabricated 
which possess adequate chemical and mechani 
cal stability for service. Except for cadmium, the 
metallurgy of these elements has received rela 
tively little attention to date. Much remains to be 
learned since boron or boron compounds — the 
most effective and readily available of the control 
element materials do not form structural alloys 
in the usual sense of the word. There is a real 


need for metallurgical processes for forming 
structural bodies containing boron or other high 


neutron absorbing compounds 
Role of Powder Metallurgy 


In comparing the two general methods used 


for consolidating metallic bodies (melting and 
casting versus powder metallurgy techniques 

we note first that the te mperatures for consoli 
dating powders are considerably lower. Thus, if 
tungsten —a_ pr ssible shielding material — were 
to be consolidated by melting and casting, it 
would have to be heated to temperatures above 
3400° C, (6150° F.). By powder metallurgy, use 
ful tungsten alloys and bodies near theoretical 
densities may be obtained by sintering at tem 
(2910° F.). Further 
metallurgy technique 


although support must be provided for the work 


peratures as low as 1600° C 


more, in the powder 


during processing, the container problems are 
not nearly so serious as those associated with 
highly reactive liquid metals. 

In some of the more complicated alloys, solidi 
fication occurs over a wide temperature range 
and segregation may be so extensive that the 
properties of the elements are determined by the 
properties of the last material to solidify. In 
some systems, solidification is accompanied by 
considerable column contraction of the metal 
As a result it is difficult to obtain sound bodies 
Last but not least, although fine-grained mate 
rials may be obtained by rapid cooling through 
the solidification range, very large grain structure 
will generally result from melting and casting 
processes, 


In comparing sintered bodies with cast struc 
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tures, it is frequently assumed that sintered 
metals are more prone to cracking when worked 
This is not nece ssarily true. Because of segrega 
tion within cast structures and large grain siz 
it is sometimes more difficult to break down such 
cast structures without subsequent cracking than 
the equivalent fine-grained powder metallurgy 
material. There are, thus, very definite advan 
tages for the powder metallurgy product 
Specific Applications — The use of powder 
metallurgy to fabricate components of a nuclear 
power reactor is extremely important. It allows 
the metallurgist to consolidate sound bodies even 
though the constituents may be highly reactive 
in the liquid state. For example, a nu lear fuel 
suc h eS uranium oxide Call be incorporated in a 
metallic 


produce a custom-made high-strength fuel ele- 


matrix, and the whole thing clad to 


ment. Materials such as carbon or beryllium 
oxide can be pre ssed to near theoretical density 
in the size and shape desired for a good, sound 
mode rator body. \ ritic leat poison suc h as boron 
can be incorporated in metal matrices by powder 
efficient reactor 


metallurgy, to form a highly 


control body. All these powder metal fuel el 


ments, moderators and controls can be wholly 


stable over useful temperature ranges even 
though the metals themselves may be thermody 
namically unstable and lose all their desirable 
properties if heated to the temperatures required 


for melting and casting. 
Conclusions 


Materials such as aluminum, magnesium, cop 
per, iron and nickel, which are the basis for our 
present conventional power plant technology 
cannot answer all the metallurgical problems 
assvciated with the design and development 
of nuclear power reactors. The entire metallurgy 
of all metals and alloys must be drawn upon for 
the proper rearing of this new and exciting in 
fant of industry. The potential contribution of 
powder metallurgy to this field should not b 
hard to understand for anyone who is familia 
with metallurgical processes and techniques. In 
some instances, the justification of powdes r metal 


lurgy may be simply that of economics — just 


the fact that it may be cheaper to stamp out 


a simple gear from an_ iron base alloy by 


powder metallurgy than to machine it from bar 
stock. Cost, however, is generally not the prime 
reason. Powder metallurgy in the nuclear power 
reactor field is of prime importance because in 
many applications it is the only way we know to 


fabricate materials in the forms desired 6 





Preparation of Metal Powders 


for Nuclear Reactors 


By P. CHIOTTI and H. A 


WILHELM* 


Both uranium and thorium powder may be prepared by forming 


the hydride and decomposing it by heating 


a rH development of nuclear power 
reactors many problems ivise for which powder 
metallurgy techniques offer certain advantages 
over conventional metallurgical procedures, Con 
sequently procedures for preparing high purity 
powders ot such metals as uranium thorium 
beryllium and zirconium are important 

The method suitable for 
depends on the physical and chemical properties 
of the metal and the reactivity of the metal 


powder In general 


a parti ular metal 


the preparation of metal 
powders might be divided into two classifica 
tions, (a physical methods by which massive 
metal is converted into a powder by crushing 
grinding 


milling, machining or atomizing, and 


b) chemical methods whereby the metal powder 
is obtained by chemical or electrolytic reduction 
or by the thermal decomposition of volatile 
compounds \ fe W methods involve both chemi 
cal and physical means such as in the crushing 
of metal which has been embrittled bv treat 


ment with hydrogen 


Preparation of Uranium Powder 


Most of the methods for the preparation of 


uranium metal vield the metal in powder form 
In general, they involve the reduction of uranium 


oxides with calcium 


magnesium of calcium 
hydride; the reduction of uranium halides with 
potassium 


sodium magnesium, of calcium or 


the electrode position from fused salts 


The method used to prepare quantities of 
* Respectively, Associate Professor, Chemistry De 
partment, lowa State College, Ames, lowa, and Asso 
ciate Director, Institute for Atomic 
Professor of Chemistry 


Research and 
lowa State Colle ve 


under reduced pressure. (H 10, U, Th) 


metal for the Manhattan Project prior to the 
end of 1943 was the electrolysis of KUI in 
a fused NaCl-CaCl bath 


had as much as 99.9% uranium, the impurities 


The powder obtained 
be Ing’ prim ipally ron irbon and silicon 
High-purity uranium in massive form has been 
produced by the reduction of uranium tetra 
fluoricl with f ither cal im or magnesium The 


procedure using magnesium IS cle scribed ith 


detail in an article that will appear in the 
Metal Progress Cranulated 


magnesium mixed with uranium tetrafluoride is 


February issue of 


pac ked inside a steel bomb whi h 1S lined with 
a jolt packed dolomitic oxide powder The re 
action may be initiated by heating the bomb in 
a gas-fired furnace. It proceeds rapidly to com 
metal 


pletion ind since it is exothermic, the 


and slag separate as two liquid lavers. After 
cooling to room temperature the “biscuit” of 
metal produced can he easily cleaned ol any 
adhering slag 


This method for metal 


tetra 


preparing ranhitn 
features The 


pre pare d by 


has a number of desirable 


fluoride, which is readily 


hydro 


fluorination of the stable non 


dioxide, is 
hygroscopi and can be handled in air without 
any special precautions, High-purity magnesium 
1S commercially available ana Te lativels ine% 
pensive. High yields are obtained and the purity 
of the final product is determined primarily by 
the purity of the starting materials. The massive 
metal is stable and easily stored, and is readih 
converted to metal powder by the formation and 
decomposition of the hydride 

Uranium reacts with hydro 


hydride UH 


Hydride Process 
gen to form the which has two 
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allotropic forms, The usual form obtained by 
reaction of the metal with hydrogen at 480° | 
has a cubic lattice with eight uranium atoms per 
Another 


crystalline modification is produced simultane 
| 


unit cell, Its specific gravity is 10.53 
ously when the reaction is carried out at lower 


temperatures. This allotropic form is also cubic 
but has two uranium atoms per unit cell and a 
11.03. When the mixture of 
180° F. for 100 hu 


the denser form is transformed to the 


specific gravity of 


the two forms is heated at 
lighte: 
modification, The transition does not appear to 
be reversible on cooling and the high-tempera 
ture form exists unchanged for long periods of 
time at room temperature 

The optimum temperature for the formation 
of the hydride is 
rapidly as the te mperature drops below 390° F 


or goes above 480° | 


130° F. The reaction rate drops 


Traces of impurities in 
the hydrogen or an oxide film on the metal 
result in an induction period during which th 
reaction is very slow. Once the reaction is under 
1SO” 
of 100 g. of clean uranium shavings is completely 
a half how 


a massive piece of metal of the same 


way it proceeds smoothly, At a charee 


converted to the hydride in about 
weight 
requires 14 to 2 hr. The product is a finely 


divided and highly pyrophoric powder. The 


metal 
and the hydride (10.8), and 


large difference in density between th 


(19.0 g. per ce 


the brittle nature of the hydride are probably 


the most important factors contributing to the 
formation of a finely divided powder 

The hydride is readily de« omposed by heating 
under reduced pressure. If the decomposition 
is carried out at 570 to 750° F. a slightly sintered 
metal powder is obtained which can be broken 
up to give a metal powder with an averag 
particle size of 3 to 10 microns 

The preparation of uranium powder by thi 
procedure is simple, and suitable apparatus is 
available in most laboratories. The reaction can 
be carried out in a quartz tube. A mercury man 
ometer, vacuum pump, a purification train for 
the hydrogen, and a resistance furnace for heat 
ing the charge are all the additional equipment 
necessary. The metal, either as massive chunks 
turnings or chips, is usually coated with a thin 
film of oxide which should be removed prior to 
the formation of the hydride. The oxide can be 
removed with 1:1] (Higher acid 
concentration can lead to violent reaction with 
uranium.) The hydride can be formed and de 
composed in the same reaction tube, thus elimi 


nating the necessity of handling the pyrophoric 


nitric acid 
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hydride. However, pure uranium powder is also 


pyrophoric, and handling the powder without 


contaminating it with oxide, nitride or othe: 
impurities is not a simple proble m. Consequent! 
the apparatu should be constructed so that the 
reaction tubs Cal be closed off from the rest of 
the system and then detached and transferred 
to a dry box where it can be unloaded under 
inert atmosphere. Once the metal powder ha 


been pre ised into a compact, it can be handled 


in air at ordinary temperatures without non 


taneous ignition 


Preparation of Thorium Powder 


The problems involved in the preparation of 
thorium powder are similar to those in the 
preparation of uranium powder As with iran 
ium, most of the older methods vield the metal 


inh powder usually all 


form. The product is 
agglomerate mass consisting ot reaction produc t 


crushed and 


or unreduced salts, which can be 
leached to yield a metal powder. Metal powder 
of good quality has been produced by the re 
duction of the oxide with calcium, the reducti: 

of thorium halides with calcium 


and alkali 


fused salts 


magnesium 
metals and by the electrolysis of 
Fused Salt Electrolysis — Thorium powder ha 
been prepared by the electrolysis of KThFs in 
a fused salt bath consisting of equal weights of 
NaCl and KCl. The electrolysis was carried out 
at 1380 to 1430° F. in a graphite crucible which 
served as anode The thorium was collected on 
a molybdenum cathode at a current density of 
YO amp. per square decimeter. It consisted of 
mixture of coarse powder along with very finel 
divided powder 
Some of the factors influencing the particle 
size of metal powders produced by fused salt 
electrolysis are the temperature, current density 
and bath composition The crystal size 
deposit is decreased as the current density 
increased and also as the impurity content otf 
These characteristics ar 
believed to be due to the formation of alkal 


metal film on the cathode surtace and polariza 


the bath is increased 


tion effects. Polarization is more pronounced at 
low temperatures 

Reduction of Thorium Halides — Metal pow 
der ot good quality has also been produced bi 
the reduction of thorium halides with calcium 
magnesium or sodium. The powder obtained i 
than 100 mesh (0.149 mm but 


presumably can be made coarser or finer tha 


usually less 


this depending on the final reaction temperatur: 





nd other experimental conditions, The major 
mpurities are usually oxygen, nitrogen, hydro 


gen and carbon The amount of oxygen, 
hydrogen and nitrogen can be reduced by melt 
ig the metal under high vacuum 

The processes employing the tetrachloride 
usually yield the metal in a finely divided state 
Thorium tetrachloride is volatile and hygro 
copic The tendency of this salt to be con 
taminated with ThO. or ThOCI] 


n metal powder with a high oxide 


usually results 
content 
However, vacuum sublimation can be used to 
purify the chloride. If calcium is used as the 
reductant, the oxide-containing compounds are 
of little concern since they are reduced to give 
ilcium oxide which can be removed by the 
ual leaching procedures 

The magnesium reduction of the tetrachloridk 
offers certain advantages over the use of calcium 
for large-scale production of metal. Magnesium 
is obtainable in higher purity and lower cost pet 
pound than calcium. Due to its lower atomi 
veight less magnesium is required per pound 
or thorium produced than the weight of calcium 
required. Magnesium forms a low-melting alloy 


with thorium and under proper conditions the 


reduction process can be made to vield a liquid 


illoy The macnesitim can then be re moved by 
listillation and the thorium metal is obtained 
in the form of a sponge Complicated leaching 
procedures are eliminated and the thorium 
ponge can be converted to metal powder by 
the hydride process 

\ process for the production of thorium metal 
by the 


operated on a tonnage scale by the U.S. Atomik 


calcium reduction of ThF, has been 


Knergy Commission 


Metal was prepared by 
this process at lowa State College where the 
process was developed and operated for a num 
ber of years. The ThF, was obtained by precipi 
tation of thorium oxalate from a solution of 
urified thorium nitrate, followed by calcination 
of the oxalate to oxide and then hydrofluorination 
f the oxide to ThF, 
Th Zn 
illoy. In addition to the ThF, and the calcium 
metal the 


chloride The primary 


The metal is first obtained as a massive 


charge contains anhydrous zine 


reaction products are 
thorium metal, calcium fluoride, zinc metal and 
calcium chloride. The addition of anhydrous 
‘ine chloride to the charge serves to promote 
the separation of thorium from the slag in three 
vays: (a) The zine alloys with the thorium to 
give a low-melting metal phase, (b) the calcium 


chloride fluxes the calcium fluoride slag. and (« 


the heat of the auxiliary reaction between ZnCl] 
and calcium serves as a thermal booster and 
raises the temperature reached by the reaction 
mixture. As a result, the products of the reaction 
reach a temperature at which they are molten 
and the metal and slag phases readily separat 
and subsequently solidify in position on cooling 
Because of the high vapor pressure of zinc at 
reaction temperatures, it is necessary to carry 
out the reaction in a closed pressure vessel on 
bomb, lined with a refractory material such as 
oxic After the 
charge is introduced and covered with a layer 


bomb 


calcium oxide or dolomiti 
of dolomitic oxide or calcium oxide, the 
is closed with a steel lid and the assembly then 
placed in a furnace to ignite the charge 

After the 
opened and the massive metal piece, or 


is cleaned of adhering slag. The biscuit is heated 


products ue cool, the bomb is 


biscuit 


in a vacuum to remove the zinc, leaving thorium 


’ 


metal sponge A charge containing about 275 
lb ot sponges and croppings 18 then vactitim 
melted by induction in a beryllia crucible and 
bottom poured into a graphite mold of the de 
sired shape 

Thori 
um in the form of sponge, massive metal, chip 
or lathe 
powder by the formation and decompo ition of 
the hydrides 
thorium and hydrogen — one with the 


ThH ind i higher hydride Th, 


The procedure for pre paring thorium powder 


Hydride Process for Thorium Powder 


turnings can be converted to metal 


There are two compound ot 


formula 


from massive metal can be broken down int 
the following steps 

1. Formation of the dihydride, ThH it 
to 1200° F. at one atmo phe re hydrogen pre 
During this ste p the charge swells but does 
break up into a powder 


’ 


2. Formation of the higher hydride it tem 


peratures not above 610° i preferably ibout 
180° F. The charge exfoliates and break 
i coarse powder during this ope ration 


higher hy lrick hy 


under i pressure of one atmo 


up mito 


} Decomposition of the 
heating to 930° F 
phere of hydrogen 

1. Decomposition of the lower hydride 
1290° F. at low pressure 

For the 


these steps can be carried out in a fused silica 


preparation of mall lots of powder 
tube. However. if 10 lb. or more of powder i 
to be produced i steel preferably stainles 

suitable The re 


mainder of the equipmne nt consists of a mechani 


reaction chamber is more 
suitable 


cal mcuum pump a diffusion pump a 
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vacuum gage for measuring low pressures and 
a mercury manometer for measuring pressures 
near one atmosphere. It is possible to check the 
reaction rate by temporarily closing off the 
hydrogen supply and observing the rate of 
pressure drop. A purification train for the hydro- 
gen and a liquid nitrogen trap to prevent 
diffusion of oil vapors from the vacuum pumps 
to the charge should be included 

A charge of lathe turnings or chips is prefer 
able since the time required to form the hydride 
depends on the surface-to-mass ratio of the 
charge. A 10-lb. charge of shavings or chips can 
be converted to metal powder in 8 to 12 hr. 
Large pieces of massive metal weighing 4 to 5 
lb have also been suce essfully converted to metal 
powder by this process. ihe formation of both 
the dihydride and the higher hydride is exo- 
thermic. With a charge of shavings chips, or 
sponge the formation of the dihydride is suffi 
ciently rapid and exothermic to bring the charge 
to a red heat, and no heating is necessary once 
the reaction starts. With large massive pieces of 
metal, the reaction is not sufficiently rapid to 
maintain the optimum temperature. 

The higher hydride is decomposed simply by 
heating to 930° F. in hydrogen. The lower 
hydride is decomposed by heating at 1290° F 
under vacuum. The thorium powder obtained by 
this process is rather coarse but can be easily 
broken up to pass a 30-mesh screen 

Finer powder may be produced by breaking 
up the brittle hydride by ball milling under 
an inert atmosphere and then decomposing the 
hydride. The plasticity of the metal particles 
obtained depends to a considerable degree upon 
the purity of the original metal and the residual 
hydrogen content. If the system is pumped down 
to a pressure of less than 0.5 mm, Hg at 1290° F 
the powder produced from high-purity cast metal 
is soft and plastic and is readily fabricated into 


ductile shapes 
Reactivity of Powders 


Coarse granular thorium powder can be han 
dled in air at room temperature without spon- 
taneous ignition. However, freshly prepared 
powder, or powder which has been freed of sur- 
face adsorbed gases can ignite spontaneously 
when suddenly exposed to air. The initial rate of 
gas adsorption is apparently sufficiently rapid 
and exothermic to raise fine particles to the 
ignition temperature. Highly polished massive 
metal is also observed to tarnish slowly on ex 


posure to air, Consequently, fine thorium powder 
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with a large surface-to-mass ratio is likely to 
be contaminated with appreciable amounts of 
oxygen and possibly nitrogen after exposure to 


air. Adsorbed oxygen cannot be removed by 


heating under high vacuum. Adsorbed nitrogen 


is believed to behave similarly at temperatures 
below the melting point of the metal 
Uranium and the hydrides of both thorium and 
uranium in the form of finely divided powders 
ignite spontaneously on exposure to air. horium 
powder does not appear to be as sensitive as 
uranium However 


powder in this respect 


freshly prepared thorium powder can ignite 


spontaneously at room temperature when sud 
denly exposed to air. The tendency toward igni 
tion will depend of course on the partic] size ot 
the powders concerned. Once any of thes« pow 
ders are ignited they burn rapidly at a white 
heat. The usual fire extinguishing agents such 
as water, carbon tetrachloride, or carbon dioxide 
are ineffective since the powders will react with 
them at high temperatures Fires involving small 
amounts of powder can be controlled to som 
extent by covering the powder with a heavy 
layer of anhydrous CaO or MgO powder. Un 
disturbed layers of uranium, uranium hydride 
and thorium hydride ignite within a few minutes 
after 


Similar layers of thorium powder ignite at 540° | 


exposure to air at room temperature 
Layers of these powders also ignite in carbon 
dioxide and nitrogen atmospheres at tempera 
tures in the range of 410 to 930° F 

Dust clouds of these 


violently 


powders can explode 
Uranium and uranium hydride dust 
ignite at room temperature immediately upon 
thorium and thorium 
hydride dust ignite at about 500° F. Dust clouds 
of thorium, uranium and uranium hydride ignite 
1040 and 1330° F 


They do not ignite in a nitrogen 


dispersion in air, while 


in carbon dioxide at 1360 
respectively 
atmosphere at temperatures up to 1560° F. Th 
minimum concentration for explosive air-dust 
mixtures of these powders ranges trom 0.06 to 
0.05 oz per cu ft 


process them under helium or argon gas 


It is advisable to handle and 
* 
Care should also be taken to avoid inhalatic 1 
or ingestion of these powders. These metals are 
their 
products and the associated radioactivity can be 
dangerous to health. +) 


not highly toxic chemically, but decay 


*Data on dust explosions from work done by I 
Hartmann, J]. Nagy and M. Jacobson, “Explosive 
Characteristics of Titanium, Zirconium, Thorium 
Uranium and Their Hydrides”, Bureau of Mines Re 
port of Investigations 4835, December 1951 





Fabrication of Zirconium 


by Powder 


Metallurgy Techniques 


By HAROLD H. HIRSCH* 


Full-density ductile parts are achieved by pressing 
zirconium hydride powder and vacuum sintering at moderate temperatures. 
Canned billets can also be readily rolled or extruded, (H general, Zr) 


- 
; m and beryllium belong to a 
small group of metals that possess a low affinity 
for the nuclear blood of an atomic reactor, the 
neutron. This affinity is generally called the 
neutron capture or absorption cross section; it 
varies with the speed at which the neutron is 
traveling. In Table I, the relative absorption 
cross sections of the common metals and other 
pertinent elements for neutrons possessing ther- 
mal energies (in thermal equilibrium with their 
surroundings) are compared on the basis of 
beryllium equal to one. Although zirconium has 
a cross section 20 times that of beryllium and 
three times that of magnesium, it possesses me 
chanical and corrosion properties that make it 
attractive for many nuclear applications, Within 
limits it can resist attack by coolants used in 
various reactors, such as hot water, liquid so 
dium and several gases. It has more ductility 
than beryllium, and may be used for structural 
parts in the reactor and as a protective cladding 
and diluent or dispersant for the fissionable fuel 
It will be considered at some length in this paper 
to the exclusion of beryllium, because the “Fabri 
cation of Beryllium by Powder Metallurgy” was 
described in a paper by Wallace W. Beaver in 
Metal Progress. in April 1954, and many other 
aspects of the metal are considered exhaustively 
in the recent @ book “The Metal Beryllium”. 
Zirconium — although the first pieces of duc 
tile zirconium were produced as early as 1914 
extensive effort on quality and quantity produc- 
tion awaited the American atomic energy pro- 


gram after the second world war. The need was 


for ductile, high-purity metal and methods for 
consolidating and fabricating it into desired 
shapes. Two processes evolved, (a) the so-called 
Van Arkel process which produces a crystal bar 
by the decomposition of zirconium tetra-iodide 
on a heated filament and (b) the Kroll process 
which produces a zirconium sponge by reducing 
the tetrachloride with magnesium. The crystal 
bar zirconium is somewhat purer, but much mor 
costly; hence the Kroll process 1s in greatest use 

Either product had to be worked into dense 
usable shapes and this proved to be as difficult a 
problem as produc ing the pure metal. No cruci 
ble could be found that would not react with 
molten zirconium. The current prac tice is to melt 
crystal bar or sponge zirconium by inert are into 
a water-cooled mold. The search for a more 
adaptable and possibly heape r tee hnique has led 
to the 


methods 


metallurgic al 
Most of the effort has been directed 
toward cold 


investigation of powder 


pressing and sintering although 
some work has been done on warm pressing and 
hot mechanical reduction, such as extrusion 

Preparation of Powder —there are several 
processes for producing zirconium or zirconium 
hydride powder some of whic h were developed 
in the effort to make pure ductile metal. These 
processes include 

1. Hydrogen embrittlement of massive zis 
conium 


2. Acid leaching of sponge 


Knolls 
with General Elec 
Schenectady, N.Y 


*Formerly Research Powder Metallurgist 
Atomic Power Laboratory; now 
tric Research Laboratory 
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3. Fused salt electrolysis of K2ZrF, 
4. Reduction of 
calcium hydride. 


zirconium with calcium or 

5. Reduction of zirconium tetrachloride with 
calcium 

6. Reduction of sodium or potassium zirco- 
nium fluoride with sodium 

Processes No. 1, 4, 5 and 6 are described in 
more detail by Kalish in the 1953 @ book “Zir- 
conium and Zirconium Alloys”. Process No. 3 was 
worked out by the group at Horizons, Inc. of 
Cleveland, Of the six listed processes, only the 
first three are currently considered for producing 
high-purity powder. Good quality powder can be 
obtained by the calcium or calcium hydride re 
duction of ZrO,, but the high-purity calcium is 
expensive and the fine lacy partic les have a very 
low bulk density.” 

Some of the characteristics of these first four 
powders are listed in Table Il and compared to 
are melted sponge and iodide zirconium. In all 
the metal is better than 99% pure, but there are 
some significant differences in the analyses. Cas 
bon, oxygen and nitrogen adversely affect ductil 
ity and decrease corrosion resistance as do large 
calcium, chlorine and 


amounts of magnesium, 


silicon. Magnesium and chlorides will 


cause 
blistering of sintered compacts; they can be 
distilled off in vacuum at 850° C, (1560° F.) or 
partially leached out by acids. (Distillation must 


be carried out on bulk material for the powder 


will sinter into a ductile mass at 850° C. ) 
In the hydride process the ductile crystal bar 
or sponge zirconium is embrittled by absorbing 


high-purity hydrogen. The hydride is then 


*For extended discussion see “ 
latest book in the National Nuclear 
McGraw-Hill Book Co., New York 


the 
Energy Series 


Zirconium” 


Table I 
Elements Based on Beryllium Equals One 


Absorption of Thermal Neutrons for Common 


Compacted Zirconium 
Powder 


Ww 
Ww 


Compacted Zirconium 
Hydride Powder 


Ww 
°o 


> 
w 


Pressed Density, G. per Cc 


20 40 60 80 
Compacting Pressure, Tons per Sq. In 


Fig. 1 ~ Relation Between Density of 
Compacts and Compacting Pressur 


for Zr Metal Powder and ZrH., Powder 


broken into powder and ductility is subsequently 
restored by reversing the process heat and high 
vacuum. Hydriding temperatures cover the range 
300° C. (575° 


(1475° F.) for solid massive metal; the 


between 
800° C 
dehydriding is at 800° C. As can be seen from 


F.) for the sponge to 


Table Il oxygen and nitrogen are increased du 
ing the process. Milling in an inert atmosphere 
can greatly reduce the oxygen contamination 
see fourth from last line in Table I 
Hydride powder can be used as such, but if it 
to be converted into pure zirconium powder: 
it must be vacuum fired and the resultant 
caked 


creases oxygen another 0.14%. 


loosely mass broken up. This in 





RELATIVE 
ELEMEN’ } 


{CROSS SECTION 


COxvyveen O02 


\ arbon 
) Beryllium 


sec tion [Zircon sium 


0.50 
1.00 1280 
65] 
1852 
fyi) 
1539 
1083 
1455 
1725 
1975 
2300 


$2] 


Low cross 
6.99 
20.00 
24.44 

266.6 

100.0 
00.0 

622.9 

12,776 

83,325 


266.640 


Zirconium 
Aluminum 
Intermedia te Iron 
Copper 
} Nickel 
Titanium 
\ Hafnium 
4 Boron 
rr admium 


cross 


section 


High cross 


sec tion 





Me! PING 


PoIN’ 


On the other hand, acid leached sponge 
is low in oxygen and nitrogen, but is rathe: 
and chloride. These 


rich in magnesium 


volatile materials may eventually be re 
duced by improved leaching techniques or 
by low-temperature prefiring of compacts 
before sintering 

Table II shows that zirconium powder 
produced by fused salt electrolysis (next to 
last line) appears to be about the best 
Analysis for the small percentages of gases 
is at best a very difficult job, and before ac- 


curate comparisons can be made one or 





more laboratories should analyze the sev 
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Sintered Density, G. per Ce 


Fig. 2— When Sintered in High Vacuum, ZrH. Com 


pacts Lose Hydrogen Quickly and Sinter to Full Density 
Zirconium Hydride Sintered 
10 Hr. at 1260°C 


a hafnium, a high neutron cross section element, as 
"i eatiate Gilhtde Sintered shown in Table I. Reactor grade zirconium must 
3 Hr. at 1260°C 





not contain any hafnium and it can be separated 
. 


o 
w 


by the chemic al proc esses of ion interchange 
Zirconium Sintered F ; 
3 Hr. at 1320°C However, most of the deve lopme nt work has 
been on zirconium powder containing hafnium 
but the effect of the latter is small due to its very 


similar chemical nature to zirconium. The theo 


o 
a 


Zirconium Sintered 


3 Hr. at 1260°C. 


retical density of the 2.5% hafnium alloy is 6.52 ¢ 


per ce whereas hafnium-free zirconium is 6.49 


o 
Ww 


Cold Pressing and Sintering —By far the 
greatest effort has been placed on this technique 


using zirconium hydride and dehydrided pow 


o 
Ls) 


ders. The work was carried on in this country by 
Hausner and co-workers and in England by 
Chuang (who also studied powder prepared by 
the leaching technique 
20 40 60 80 100 Hausnet prepared zirconium hydride from 
Compacting Pressure, Tons per Sq. In iodide zirconium, and also made zirconium 
powder from the hydride. As would be expected 
eral powders Horizons. Inc... which made and the hard hydride did not compact to as high a 


analyzed this electrolyzed zirconium, states that green density as the straight zirconium com 


arc melted ingots of their material compare very pound. Figure 1 shows the difference in density 
closely to arc melted Kroll sponge (listed in as determined on 2 = %-in. rectangular compacts 
Table Il, second line) with about twice the However, sintering in a high vacuum (of the 


. . . 2 > & wy } ‘ . > _ - 
oxygen. Electrolytic zirconium powder can be order of 5 x 10°° mm. Hg or better) produced the 


readily handled in air whereas dehydrided zir- reverse result. In Fig. 2, for example, the density 


conium powder must be handled in an inert versus compacting pressure is plotted for the two 
atmosphere powders sintered at 1260 and 1320° C, (2300 and 


Normal zirconium contains from 2.0 to 2.54% *See Metal Progress, July 1952, p. 57 


Table Il—Analysis and Properties of Zirconium and Zirconium Hydride Powders 





Gas CONnTEN1 AVERAGE APPARENT COMPRESSION 
Powper Typ1 PARTICLE Densiry Ratio at 5O 
OXYGEN NITROGEN Siz G. per Ce Tons/So. Iw 


Arc melted iodide Zr 0.04% | 0.001 & 
Arc melted sponge Zr | 0.15 0.004 
Zr hydride from iodide Zr | 0.2 to 0.4 0.005 to 0.015 
Zr from decomposition of | 
iodide hydride 0.3 to 0.5 0.005 to 0.015 
Zr hydride from sponge Zr | 0.32 0.006 
Zr from decomposition of | 
sponge hydride 0.4 t0 0.5 0.006 
Zr hydride from sponge Zr* 0.04 to 0.06 0.1 0.13 
Unleashed “Grade P”’ 
sponge Zrt 0.14 0.005 005 
Zr from fused salt 
electrolysis 0.04 to 0.08 | 0.002 to 0.004 0.04 to 


0.06 





Ca-reduced ZrO 0.31 O.0% 5 1? 








*As reported by Y. C. Chuang in British Atomic Energy Research Establishment Report No. X/M-# 
tA blend of several grades of distilled and undistilled sponge prepared by the Bureau of Mines, Albany, Ore 
Me is fairly low (0.05% whereas Cl is rather high (0.13%) In “Grade A sponge both M@ and Cl are low (0.055 


and 0.23°,., respectively About 35° of this latter grade is produced in each reduction run 
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Fig. 3— Compact Made From Zirconium Metal 
Powder (Top) and Zirconium Hydride Powder 
(Bottom). Sintered 2 Hr. at 1190° C. Note 
growth in reduced hydride. Polarized light 


rain 
100 


2400” F. respectively) for 3 hr. The hydride com- 
pacts (containing 3% Hf) sintered to full density 
(6.59 g. per ce.) after 3 hr. at 1260° C 
pacted at 65 tons per sq.in. or higher. The metal- 


when com 


lic zirconium powder falls short of this mark even 
after a 3-hr. period at 1320° C. The hydride com 
pact decomposes during the heating cycle and 
apparently the surfaces are extremely clean and 
reactive under these conditions. Theoretical den 
sity can actually be obtained by sintering a com- 
pact pressed at 50 tons per sq.in, at the relatively 
low temperature of 1175° C, (2150° F.) for 9 hr. 
If copper and iron powders behaved in a similar 
fashion, they would sinter to full density at 660 
and 975° C. respectively (1220 and 1780° F.), but 


Table I 


Cc 


Ls) 
=) 
° 


°o 
o 





Sintering Temperature, 


4 6 
Sintering Time, Hr 


Fig. 4 — Relation Between Sintering Times 
and T¢ mpe ratures for Ac hiet ing Full Dens 
ity After Compacting at Pressures Noted 

325-mesh ZrH. powder; vacuum sintering 


in actual fact, most pure metal powders never 
reach theoretical density as sintered. Zirconium 
is indeed unique in this respect 

In Fig 


} the difference in microstructure is 


illustrated. Zirconium powder was pressed at 50 


tons per sq.in. on top of a lightly pressed ZrH 
hr. at 1190° (¢ 

Very little grain growth occurred in 
the the 


further evidence of its clean and 


compress and sintered for 2 
(2175° F 


the Z1 
hydride it did 


layer whereas in metal from 
reactive nature. Some porosity exists in the uppel 
Zr layer, but intimate bonding occurred between 
the two. 

Theoretical density can be achieved with zir 


conium hydride at pressures as low as 35 tons 


Mechanical Properties of Zirconium Compacts 





(COMPACTING 
Prt 


SINTERING 


MATERIAI 


SURE DP eEMPERATURE 


lodide Z1 
Sponge Zi 
Compacted ZrH 
100 


1260 
Compac ted 
mesh ZrH 
Compac ted 
leached Z1 
Compac ted 
leached 71 
( ompat ted f le« 
Zt 


uO 


1150 


1050 


1300 + he 


trol y tic vO” ¢ the 


Extruded 
mesh elec 


Zi 


uy” ¢ 


troly tic 10 min. t 





THEORETICAL 
DEN 


Ro KWELI 


ivy NESS 


ULTIMATI ( 
STRIE 


CoLtp ROLLING 


NGTH SEFORE CRACK 


MH), / 


68 


0) ht) Gag 
0) 


95 000 
8/ 400* 
9] 


HM)* 


149.200* 








*Transverse rupture strength, psi 


t% elongation Sponge zirconium treated in a 


an clongation of 16.5° 
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similar manner will have an ultimate strength of 


tAnnealing of extrusion 


70,500 psi and 





Fig. 5 ~ Microstructure of Electrolytic Zircon 
ium Powder Compacte d at 50 Tons per Sq. In 
and Sintered in Vacuum 3 Hr. at 1260° C 
Hi etch polish Polarized — light 100 


per sq.in., as shown in Fig. 4. Higher sintering 
temperatures and times, of course, are required 
With pressures of 75 tons, full density can be 
ichieved at the very low temperature of L050° C 
(1925° F 


Hausner determined that graphite boats and 


if held at temperature for 7 hi 


separators proved to be best for sintering since 
zirconium reduced most of the common refrac 
tories it came in contact with. He further estab 
lished that 1260° C. (2300° F 


maximum temperature above this the compacts 


is the optimum 


absorb an excessive amount of oxy gen Also com 
pacts made from the hydride were more ductile 
and presumably more corrosion resistant than 
those made trom the decomposed hydride pow- 
ce primarily because of their lower gas content 
Some of the mechanical properties of the sintered 
hydride material are listed in Table II] 


pares favorably with the are melted products 


It com 


Chuang worked with two different types of 
powder, ear h of different quality from the above 
described material used by Hausner. In one set 
of experiments, zirconium hydride was prepared 
trom turnings made from graphite melted ingots 
It contained 0.16% C, and 
relatively high nitrogen 


of sponge zirconium 
which probably pre- 
vented high mechanical properties in the pressed 
200-mesh 
powder sintered to higher densities than the 


and sintered compat ts. Although the 


100-mesh material, it had poorer strength pre 
sumably due to a higher carbide content. Neither 
100-mesh or 


of Chuang’s 200-mesh powders 


reached the densities Hausner obtained with his 


very fine hydride pressed and sintered under 
the same conditions 

The other powder used by Chuang was from 
acid leached sponge When « ompac ted at 45 tons 
it sintered at 1050° C. (1920° F.) to a 
density of 6.2; no further densification was 
noted up to 1300° ¢ 2375” F.). The mechanical 
properties listed in Table IIL show that this 


material is superior to th 


per sq ith 


hydrided induction 
melted sponge and nearly equivalent to hydrided 
iodide zirconium prepared by Hausner 

No data are available on the relative corrosion 
resistance 

Small disks of zirconium powder produced by 
fused salt electrolysis were pressed by the present 
author at 50 tons per sq.in and sintered at 
1260° C. (2300° F.) for 3 hi 


Resulting density was 6.25 ¢ 


4 


ma high vactium 


and Row k 


well hardness was B-S8SS. The hardness value cor 


pel | 
roborates the low vus analysis of the original 
powder Microstructure of this material is shown 
in Fig. 5; it appears dense, the grains are ¢ jus 
axed and probably slightly larger than in com 
pacts of cle hydrided 7Jirconium powder Sinite red 
under the same conditions 

Extrusion and Pressing — Due to the rapid 
increase in plastic ity of zirconium with tempera 
ture, full-density bodies can be produced in 
temperature ranges where hardened steel dies 
can be used. Thus, Hausner warm pressed zit 
conium powder obtained from the decomposed 
hydride at 650° C, (1200° F.) for 15 min. in vacuo 
at 25 tons per sq.in. The compact had a density 
of 6.53 g. per ce. but was slightly harder than the 


pressed and sintered bodies. This may have been 


due to contamination during the pressing opera 


tion or to the retention of volatil impurities 
which would be driven off during sintering at 
high temperature 

The author has warm pressed electrolytic zit 
1025” F.) for 15 min 
at 30 tons per sq.in. No attempt wa 
exclude the air exce pt through the close fit of the 


conium powder at 550° ( 


made to 


punches. Densities of 6.37 were obtained and the 
material had the low hardness of Rockwell B-75 

At Knolls Atomic Power Laboratory, C. |. Beck 
succeeded in hot ¢ xtruding cold compar ts of this 
same powder at SOO” ¢ 1475” } 


truding, the powder was cold pressed at 125 


) 
Prior to ex 


tons per sq.in. in a mild steel can retained in a 

hardened die. The can was then welded shut. No 

effort was made to evacuate the entrapped air 

In the extrusion press reduction ratios of 11 to | 

were made and full-density rods resulted, The 
Continued on p. 160 
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Fig. 1 


Schematic Re presentation 
of a Wire Bonded to a Flat Plate 











The Mechanism of Sintering 


» a ruzory of sintering has recently been 
concerned with the mechanism of mass transport, 
but in spite of much effort there are wide diver- 
gencies of opinion regarding transport in crystal- 
line substances. Different schools of thought 
evidently exist in America and Great Britain. 

In this condensed version of the paper pre- 
sented at the symposium on “Powder Metallurgy 
in Atomic Energy” held in Philadelphia on Oct. 
20 during the National Metal Congress, discus- 
sion is limited to certain experiments on the 
mechanism of sintering which have previously 


*Atomic Energy Div., Sylvania Electric Products 
Inc., Bayside, N.Y. 
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of Nonvolatile 


appeared only in A.E.C. reports of limited circu- 
lation. A fuller treatment of the data is presented 
in the original paper. 


Sintering Mechanisms 


At least four processes for material transport 
may occur during sintering and densification by 
heat without external pressure: 

1. Evaporation and condensation is of \litth 
effect in metals of high melting point and low 
vapor pressure at sintering temperature except 
possibly in the spheroidizing of angular voids. 

2. Surface diffusion might be characterized in 
a similar way. 





v v 


oa ys 


gen at 1075° C. for 4, 32 





and 408 Iii 
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Fig. 2 — Structure of 5-Mil (¢ opper Wires Sintered in Hydro 


eeecvrere @ 


Re spectively ts) 


Metals and Oxides 


By LESLIE L. SEIGLE and A. L. PRANATIS* 


Recently discovered evidence suggests that 


in the later stages 


sintering occurs by the diffusion of atoms from grain boundaries to the surface 
of internal voids near such boundaries. 


Voids isolated within grains are extremely stable, (H 15) 


3. Volume diffusion, which originates in the 
random movement of atoms induced by thermal 
vibration. When a gradient exists, such random 
motion results in a net movement down the gra 
dient. In a pure substance, such “concentration 
thought to be differences in con 


lattice 


gradients are 


centration of defects under variously 
curved surfaces 

1. Bulk flow is the sum of all processes wher 
by matter is displaced in gross units under the 
action of stress, such as slip, viscous flow, and 
grain-boundary shear. 

From mathematical analysis of the bonding of 


i wire to a flat plate as sketched in Fig. 1, it would 


ippear that if evaporation and condensation is 
predominant, X* would vary with time; if surface 
possibly X° or X 

would vary with time; if volume diffusion is pre 
dominant, X 


flow 


diffusion is predominant, X 


would vary with time; and finally if 
viscous is the predominant process, X 
would vary with time 

Experimental results are given at some length 
in our unabridged paper, and the X t relation 
ship has been found for copper spheres and 
wires by four different investigators and for sil 
ver wires by another. Thus it would appear that 
the necks between contacting wires or spheres 
grow by volume 


unless they are very small 
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Fig. 3 Shrinkage of 5-Mil Coppe r 
Wire Compacts Sintered in Hydro 
gen at 1000, 1050, and 1075° C 
Original voids equal 9% of volume 
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diffusion, Two different studies on glass spheres 
where the tr insport of material is by viscous flow 


showed the X* ~ t relationship. 


Structural Effects 


Let us now present some other experimental 
results which throw light on the basic transport 
mechanisms operative during the sintering of 
nonvolatile metals, made by Alexander and as 
sociates at the Bayside laboratory. They studied 
the effect of grain boundaries on the sintering 
rate of closely wound spools of fine copper wire. 
After sintering in a hydrogen atmosphere, they 
were sectioned polished and the cross-sectional 
area of the pores was measured. An example of 
the changes occurring in 5-mil wires wound on 
%-in. copper spools and sintered at 1075° C, 
(1970° F.) for various lengths of time is given in 
Fig. 2 on the preceding page 

Thanks to the regular geometry of this com 
pact, the structural changes are unusually clear 
After as little as 4 hr grain 


boundaries were found connecting the three 


at temperature 


cusped voids. As sintering proceeded, the voids 
spheroidized and decreased in volume. The grain 
boundaries remained attached to the voids until 
spheroidization was complete (32 hr.), and then 
a rapid grain growth largely eliminated grain 
boundaries from the compact. With their dis- 
appearance, the rate of shrinkage of the voids 
decreased noticeably 

An example of the data is given in Fig. 3 
showing volume shrinkage vs. time at various 
temperatures for 5-mil copper wire compacts 
sintered in hydrogen. The approximate times 
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300 350 


at which grain growth occurred are noted in 


this figure. Although the initial rate of sintering 
(shrinkage ) was higher at the high temperature 
due to a more rapid elimination of grain bound 
Further 
more, it appeared from the microstructure that 


aries, the ultimate shrinkage was less 


voids changed in size noticeably only when grain 
boundaries. existed between them: a striking ex 
ample is shown in the right-hand view of Fig. 2 
An indication of the importance of grain 
boundaries when sintering a normal unpressed 
silver powder was obtained by Balluffi. Linear 
shrinkage versus time plotted in a curve of much 
the same shape as the 1075° ¢ 
‘ig. 3. That is 

measured in 3.3 hr., 12% in 22 hy 


. curve for volume 
shrinkage in I 8% shrinkage was 
and shrinkage 


had virtually stopped at 14% at 50 hr. The spheri 


Fig. 4 Structure of Mass of | ncompact 
ed Silver Spheres 270 + 325 Mesh 
Sintered 137 Hr. at 945° C. in Argon. 150 
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Fig. 6 


cal powder was about 2 mils average 
diameter (through 270 on 325 mesh ); 
sintering was at 945° C, (1735° F.) 
in argon. Total shrinkage after 137 hr. 
at temperature was 15%. 

At this time the grains had grown 
very large (Fig. 4) and there were 
many voids within the large grains 
out of contact with the grain bound- 
aries. Grain growth seemed to be re- 
sponsible for stopping shrinkage in the 
later stages of heating. The stability 
of voids isolated within grains in a 
normal powder compact has also been 
observed by other investigators. 

In order to confirm the action of 
grain boundaries, Rosi in Sylvania 
laboratories stacked cylindrical single 
crystals of copper, % in. diameter, in 
arrays with various relative orienta 
tions between neighboring crystals. After identi 
cal heat treatments some bonds were formed be 
tween crystals of like orientation, but it appeared 
that the number was less than between crystals of 
differing orientation. When bonds formed be 
tween crystals of like orientation, a grain bound- 
ary was always found at the interface, as in Fig. 
5, suggesting that the orientations had not indeed 
been identical, or that a new grain had formed 
at the interface 

The influence of grain boundaries on sintering 
shrinkage ) rates is directly explainable by the 
volume diffusion mechanism suggested by Na- 


Fig. 5— When Copper Single Crystals Are 


Placed With Identical Orientations and Heat 
ed, a New Grain Forms at Point of Contact 





-™ 
Schematic Representation of Diffusional Mech 1) 
anism in Advanced Stage of Sintering of a Wire Compact 
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barro and Herring. According to this theory, 
voids are filled by atoms diffusing from the near- 
est grain boundary to the surface of the void 
(Stated in terms of the lattice vacancy theory of 
diffusion, vacancies migrate from the void to the 
grain boundary.) The grain boundary acts as a 
source of atoms (or sink for vacancies) and as 
atoms leave the grain boundary, the vacant space 
is filled by the grains moving together. The proce 
ess is represé nted in Fig. 6, a drawing of a wire 
compact in an advanced stage of sintering. For 
simplicity, the void is assumed to have reached 
an equilibrium shape. The dashed ares give the 
original positions of the wires, and the lines of 
flux represent the current of atoms flowing from 
Meanwhile 


the wires have moved together so that the wire 


each grain boundary into the void 


centers now lie at the apices of the inner equi 
lateral triangle. The sum of such movements con 
stitutes the over-all shrinkage of the compact 
When grain boundaries are no longer present to 
act as nearby sources of atoms, the void pra 
tically stops shrinking 

This concept has received strong experimental 
support from the work of at least four different 


sets of researchers 
Marker Movements 


A direct indication of the transport process 
can be obtained by studying the position of inert 
markers. It is known that an inert solid particle 
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gen at 1070° ( 


will remain stationary if the material flux is 
purely diffusional, but if plastic flow is occurring 
the particle will be swept along with the stream 

Several attempts have been made to apply this 
technique to copper wire compacts, using fine 
particles of graphite, tungsten, or Al,Oy, as inert 
markers on or just beneath the wire surfaces, The 
appearance of a typi al compact is shown in Fig 
7. If the sintering mechanism indicated in Fig 
6 were valid, one would expect the markers to 
remain in a circular configuration of constant 
diameter, and the circles to approach each other 
Experiments performed to date indicate that the 
particles do not move out of their circles during 
sintering. However, the circles do not approach 
each other because the entire wire compacts 
with embedded “inert” markers do not shrink 
For some reason not yet understood, the markers 
influence the behavior of the compact Extensive 
bonding occurs between wires, and voids tend 
to spheroidize in the usual manner, as shown in 
the left-hand micro of Fig. 7, but the void volume 
remained almost constant. In Fig. 7 at right, the 
material to fill the cusps has evidently migrated 
from the nearby surface of the void, as shown by 
the proximity of the markers to the surface which 
has been depleted 


Summary and Conclusions 


Before attempting a final evaluation of the 
evidence we should emphasize the possibility 
that different sintering mechanisms may occur 
in a single material depending on the circum 
stances. For example, as particle size is decreased 
and the ratio of surface area to volume increased 


surface diffusion probably becomes important 
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Compacts of Copper Wire (With ¢ olloidal Graph 
ite Particles Near Original Surface 


Sintered in Hydro 


for 7.5 (Left) and 95 Hr. (Right). 50 


Plastic deformation might also be favored in the 
very early stages of bond growth between Dal 
tic les when the curvature of the “neck OT Inetil 
cus is sharp, and stresses there quite high 

It is probably an oversimplification, therefor: 
to describs sintering in terms of an isolated 
mechanism. Nevertheless, the evidence convince 
us that volume diffusion is the rate-controlling 
process in all but the initial stages of sintering 
of normally sized particles of nonvolatile. metals 
and oxides. This conclusion is borne out by th 
neck growth studies of Kuczynski and others 
observations of the influence of grain boundaries 
by Alexander, studies of the growth and shrink 
age of pores by Rhines, and investigations of th 
effect of impurities upon the sintering rates of 
Although the we ight 


of evidence is felt to rest upon the side of a dif 


oxides by Weyl and others 


fusional mechanism for nonvolatile metals and 
oxides, it must be admitted that the basic data 
are far from extensive 

Finally 
ence of grain boundaries upon sintering rates 
and the interpretation of this effect by th 
Nabarro-Herring mechanism. We believe thi 


we desire to re emphasize the influ 


interpretation has not yet received deserved at 
tention among powder metallurgists, although 
it has been successfully applied to cre ep at high 
temperatures under light loads, mass flow durin 
diffusion, and other high temperature phenom 
ena. Since the theory of mass transport at ele 

vated temperatures by diffusion of individual 
ions between grain boundaries and free surface 

has been confirmed by a variety of experiments 
it cannot be ignored as a possible explanation ot 


many sintering phenomena +) 





Reproducing 
a Roman Coin 


By E. W. HORVICK* 


Production of replicas 

of a Roman coin 

for ornamental use 

is described pictorially (G 3, Zn) 


Proce. rion Of small pieces of jewelry in large quanti 
ties requires an unusual combination of art and engineering to 
obtain an attractive ornament at a competitive price. When 
U.S. Time Corp. wanted replicas of an authentic Roman coin 
to be worn on a watch chain, they engaged Medallic Art Co 
to produce them in quantity, The coin selected was one issued 
in the reign of Emperor Caesar Nerva; the production tech 
nique was to stamp from zine strip and hard finish 

To reproduce exactly every minute detail of the original, a 
talented sculptor prepared a model 8 in. in diameter from 


which the dies were subsequently pre pared 


*American Zinc Institute, Inc.. New York, N. Y 
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The tracer of the reducing machine meticu- down and transmitted to a cutter which auto 


lously explores the surface and detects every matically cuts into soft die steel an exact ré pro 


feature. The motion pattern of the tracer is scaled duction of the s« ulptor’s model 





The die is heat treated 
so that the surface is 
hard enough not to de 
form and yet the core is 
sufficiently soft to absorb 
the impact of the opera 
tion without damage to 
the die. Good control of 
heat treatment is essen- 
tial to maintain the fine 
surface details through 


out the production run 
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The blanks are inserted one at a time by > 
hand into a 400-ton knuckle joint press. The 
definition sought in fine medallic work usually 
requires trom three to five strikes to bring out the 


delicate craftsm inship 


Remaining unevenness 


around the pe b 
riphery of each piece is buffed. Each medal 
is sand-blasted to give the zinc a velvety richness 
of texture, then oxidized, polished and relieved 
by hand to bring out the antique effect. A lacquer 
coat 1s applic d to preserve the patina 

Thus a fine arts 


miniature of! 


replic a is created, an exact 


museum piece 6 


in authentic 


* Blanks are punched from 0.128 


by 6-in, zine strip on a punch 


press. The blanks are circular disks with 
a projection for the ring attachment 
element. U.S. Time Corp chose zinc 
for making 


because it is easily formed and finished 


the ancient Roman re plicas 


it won't cause stains from corrosion and 


its price 1 low 


2 The precision struck medal ha i flash of 


waste metal around the edges which must 


be removed Each Coll 1S placed mia cis on a 


trimming press and the flash is neatly trimmed off 


leaving a comparative ly smooth, round edge 
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Fig. 1 — Stainless Steel 
Screw Used to Evalu- 
ate Cleaning Efficiency 


Contamination Removal, % 


0 10 20 30 40 50 60 70 80 90 100 


Ultrasonics 99.5-100% 


Vapor Degrease 


Fig. 2— Amount of Ra- 
dioactive Contamina- 
tion Removed by Var- 
ious Cleaning Methods 


Evaluating 


Pressure Wash 
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Metal Cleaning Efficiency 


By T. J. BULAT* 


Radioactive soils are used to measure accurately 


the efficiency of various cleaning methods. 


Ultrasonic «ieaning proved to be the most effective. (L 10) 


Max manufacturers are now using 


ultrasonic equipment as an ac cepted parts-clean 


ing tool in production processes. Because such 
equipment is comparatively expensive, a major 
problem is to determine exactly how much the 
efficiency of cleaning can be improved by its use 

Visual, microscopic, or chemical tests are 
limited because they are unable to detect con 
taminants either present in extremely small 
amounts or located in blind holes, crevices and 
hidden channels. Because radioactive contamina 
tion, even though minute, can be readily detected 
in these hard-to-reach places, radioactive soils 
are ideally suited for accurate measurement of 
cleaning efficiency. We used radioactive oil 
(medium heavy lubricating oil), radioactive buf 
fing compound (chromium oxide) and radioac 
tive metal chips. The general procedure was to 
contaminate a part with one or more of the radio 
active soils. The amount of radiation emitted 
before and after cleaning was recorded. From 
these data, the exact percentage of contamination 
removed by any particular cleaning operation 
could be accurately computed 

A group of stainless steel screws similar to 
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that shown in Fig. 1 were coated with a thin 
film of radioactive oil and radioactive buffing 
compound, To intensify the cleaning problem 
the screws were baked 4 hr. at 400° F., thus mak 
ing the contaminant very resistant to cleaning 
and simulating, to some extent, “setting-up” 
conditions which take place when parts stand 
idle for a period of time on a production line or 
in storage. These screws were then cleaned by 
the following methods: 

1. Vapor degrease using a chlorinated solvent 

2. Pressure wash, using a pressurized stream 
of Stoddard solvents. 

3. Agitate mechanically for 10 min. in a 
petroleum solvent ; 

4. Scrub manually with a fine wire brush 
in Stoddard solvent 

5. Clean by magnetostrictive ultrasonics for 
2 min. in a water-detergent solution. The equip 
ment used was a Bendix UC-12 ultrasonic cleaner 
unit with 6-gal. capacity. 

The results of this experiment are shown in 
Fig. 2. Only 14% of this contamination was re 

*Pioneer-Central Div., Bendix Aviation Corp 
Ultrasonic Applications Lab., Davenport, Iowa 
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Radioactive Oil Baked On At 400 


Fig. 3 


ods for 


Evaluation of Cleaning Meth 


Small Compl x Compon nts 


moved by the pressure wash, 30% was removed 


by agitation, 35% by vapor degreasing, 92% by 
manual brushing and 99.5% by magnetostrictive 
ultrasonics. Solvent action alone was not enough 
to remove the contamination from the parts; an 
Hand 
brushing provided this but was unable to pen 
trate the tapped hole effectively 


Ultrasonic action was potent enough 


ictual physical action was also needed 


to remove surtace contamination 


and in addition penetrated the 


holes with a remarkable 


tapped 
cleaning action 
To check the effect of alloy compo 


Sintered Filter (Brass) 


Aluminum Housing 


F. For 4 Hr 


Radioactive Oil Set at Room Temperature 24 Hr 


Three cleaning systems were used 
vapor degrease in chlorinated sol 
vent, pressure wash using Stoddard 
solvent, and ultrasonics using a 
water-detergent solution. The r sults 
of this experiment on the three diffe: 
ent parts are shown in Fig. 3 

The superiority of low-frequency 
magnetostrictive ultrasonics in the 
cleaning of a compli ited part is 
obvious especially in the cleaning 
of the filter. Ultra 
sonics effective than 
other penetrating the 
interstices of this part 

To check the eflect 
simple configuration 


blanks of 


aluminum 


sintered brass 


was far more 


methods in 


on parts ol 
plain metal 

and 
blank 
were coated with radioactive oil and 
allowed to set for 24 hi 


perature They were then subjected 


brass, stainless steel 


were used The 


at room tem 
to the same three cleaning system 
lS che Ss ribed above for the comple \ 
parts. The original amount of radio 
active oil deposited on each blank 
was approximately 50 mg. The rv 
were cal 


sults, as shown by Fig. 4 


culated in milligrams of oil remai: 
ing after cleaning 

Ultrasonics with all 
metal cleaning proble ms and is not always pra 
tical. Definite 


by low-frequency 


cannot « ope 


advantages are gained, however 


magnetostrictive ultrasonic 


cleaning on a great variety of produ hon prob 
lems. It is a potent tool in modern metal cleaning 


processes and shows even more promise ot 


future 6 


further achievement in the very near 


Fig. 4— Evaluation of Cleaning 
ods for Parts of Simple 


Meth 


Configuration 


GE Ultrosonics 


MB Vopor Degrease 
GD Pressure Wash 





sition and configuration, the stainless 
steel filtes 


housing 


cylinder, brass sintered 


and anodized aluminum 





were tested. The 


parts were divided into two groups 


shown in Fig. 3 


Both groups were coated with radio 


active oil. One group was allowed 


Amount of Oil Remaining, Mg 


to set for 24 hr. prior to cleaning, the 
other was baked 4 hr. at 400° F. to 
make the difficult 


cleaning more 





Stainless Steel Aluminum 
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500k Review... 


A Six-Billion Dollar Problem 


Reviewed by 
FREDERICK A. LOWENHEIM* 


Prorective CoaTincs ron Metras, by R. M 
Burns and W. W. Bradley, 2nd Ed., 1955 
A.C.S. Monograph No, 129, Reinhold Pub 


lishing Corp., New York City. 643 p., $12. 


QO,. OF THE exasperating properties of 


man’s most useful metals, iron and steel, is their 


tendency if an anthropomorphic metaphor 


may be permitted — to go native. Having existed 
for geologic ages in the form of iron oxides, they 
tend to revert to this natural condition on the 
slightest provocation. Most of the other metals 
used as structural materials in modern civiliza 
tion exhibit similar tendencies, although perhaps 
Dr. Uhlig, who 


wrote the foreword to the book, has elsewhere 


to a somewhat lesser extent. 


estimated that the annual world cost of replac 
ing and repairing corroded materials and equip 
There 


no doubt that corrosion represents a 


ment is of the order of six billion dollars 
can be 
major problem to designers, engineers and metal 
lurgists and all others concerned with the plan 
maintenance of the 


ning, construction and 


countless metallic components — from screws to 
bridges, from the tiniest electrical contactor to 
the longest pipeline — which together make pos 
sible our complex industrial way of life 

Much of this deterioration by the process of 
corrosion is probably unavoidable, or avoidable 
only at exorbitant expense. On the other hand, 
much of the corrosion which quickly or gradually 
destroys the utility or appearance of so many 
materials and fabrications could be prevented 
by greater foresight in design, by intelligence 

* Supervisor, Electrochemical Research, Metal & 
Thermit Corp., Rahway, N.J 
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and knowledge in specification of materials of 
construction, by more care and craftsmanship 
and by simple honesty in the application of 
protective coatings Any contribution to ow 
knowledge of the processes by which corrosion 
takes place or how it can be minimized is to 
be welcomed, whether it be a theoretical study 
fundamentals, a 


of the electrochemical more 


practical discovery of improved methods, o1 
a survey of present knowledge. The present 
book is a contribution of the survey type and 
it is a very good one, 

Many readers will remember with pleasure 


Burns and Schuh 


appeared in 19389. For the second edition Dr 


the first edition, by which 
Burns, the senior author, has a new collaborator 
and together the authors have thoroughly r 
vised, enlarged, brought up to date and improved 
As the title im 


plies, it is strictly limited in its coverage and 


an already outstanding book. 


is not nor does it make any claim to be —a 
complete handbook on all phases of the compli 
cated corrosion problem 

Taking the basis metal as given, the book is 
concerned with the properties, method of appli 
cation and the fields of usefulness of protective 
coatings, both metallic and organic. As anyone 
familiar with Dr. Burns's editorial writings in 
the Journal of the Electrochemical Society would 
expect, the book is well and clearly written; it 
avoids literary pretension on the one hand, and 
on the other the semiliterate technical jargon 
which disfigures so much present-day “scientific” 
writing. Mechanically the book is up to the high 
standards of its publisher and the A.C.S. mono 
graph series; it is well proof-read, bound and 
illustrated. The price is not high by contem 
porary standards. 

Although not so divided in the table of con 
tents, the book falls naturally into five main 
parts: (a) principles of corrosion (Chapter | 
(b) preparation for coating (Chapter 2), (¢ 

(Continued on page 148) 





The Demand for Metallurgists 
With Graduate Training 


By J. H. HOLLOMON and J. J]. BECKER* 


Industry and universities need between two and four times 


as many metallurgists with advanced degrees as are available. 


No relief of the shortage is in sight. (A 3) 


A rHi Aucusrt 1955 issue of Metal 
Progress, Bever described the results of a survey 
of the 
training from schools in the United States. The 


supply of metallurgists with advanced 


significance of his data can best be appreciated 
when the supply is compared with the demand 
It is difficult to estimate the future demand be 
cause it is more subject to short-term influences 
than the supply and can change more rapidly 
Furthermore, the number of employers and 
potential employers of metallurgists with ad 
vanced training is large, so that any study must 
be statistical rather than exhaustive 

To determine where graduate metallurgists 
are employed a questionnaire was sent to a 
selected sample of the 48 schools which grant 
graduate degrees in metallurgy. Usable replies 
Each listed 


the number of students who had received ad 


were received from 17 institutions 


vanced degrees during the period 1948 through 


1954 and named either their present employers 


Table I 


or thei employe rs immediately upon graduation 
usually the latter We thus obtained infor 
mation on 452 individuals who received ad 
vanced cde grees im me tallures during the six-vear 


period These 452 peopl were employed by 


183 different organizations in the United States 
institutions 


as classified in Table | AY idemic 


include both faculty appointments and those 
working on res arch project “Research oun 
dations” refer to such institutions as Battelle and 
Armour. “Miscellaneous” includes unspecified 
private business o1 departures from the metal 
lurgical field 

Bevers survey of this same six-year period 


showed that 337 Ph.D. degrees were granted 


Electric Research Laboratory Sche 


This study is part of a more general 


*Ceneral 
nectady, N. ¥ 
program being carried on by a “Committee for the 
Metallurgy Profession”, an unofficial group ¢ hair 
manned by Prof. M. Cohen of Massachusetts Insti 
tute of lechnology 


Employers of Graduate Metallurgists Direct From Universities, 1945 to 1954 





[ype or Employer NUMBER OF Ms 
EMPLOYER 

Academi 7 
Aircraft 10 
Automotive 
Chemical 
Electrical 
Government 
Machinery 
Materials producers 


and equipment 


and fabricators 
Oil 
Research foundations 


Miscellaneous 


Porat 





Pu.D 


M.S Pu.D 


j 
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32 


This 
cludes substantially all of the Ph.D.’s pro 


by institutions. number in 


duced. Bever believes that about 10% were 


Table U 27 


Graduate Metallurgists Employed by 
Representative Firms 





foreigners who left the country after ob 
the 
available for employment in the United 


taining their degrees. Thus number 
States during this period would be approxi 


mately 800 and our survey included infor , 


mation on 195, or about 65%. To determin: | 


the percentage of those obtaining the M.S 
degree difficult. Many (Bever 
their to 
obtain doctorates in metallurgy and a small 


is more N 


estimates 25%) continue training 
unknown number go on to doctorates in 
other fields. Furthermore 
that about 104 


States employers. The figure is further com 


I 
I 


Bever estimates 


are unavailable to United 





A 
Aircraft 


Automoti 


Oil 
Re 


NUMBER OF 
Iyer or Emptoves , M.S 


EMPLOYER 


ade rrii¢ 


hemical 


lec trical 


ivernime 
laterials produce I 


and fabricators 


scarch foundatior 


otal Employed, 194! 


stimated Requiremen 
1955 


to 1960 








plicated by the fact that many who study 

for M.S. degrees are already employed. Never- 
theless 
M.S 


available for employment 


we can estimate that slightly over 500 
Bevers total of 1033 were 
Thus, the data 
Table I represent a sample of approximately two 
thirds of the Ph.D.’s and 40 to 50% of those who 
M.S 
employment 
It that the 
institutions themselves hired the largest number 
of the Ph.D.'s one-quarter of them 
When the M.S Ph.D are taken 
together, the materials produc ers and fabricators 
employ the largest number, Of the total the 


metal producers and fabricators hired about 25% 


students from 


obtained degrees and were available for 


is interesting to note academi 


about 


and figures 


while the metal-consuming industry hired about 


50% — twice as many. 


In interpreting these figures, it must be re 
membered that the real share taken by any one 


group is determined 


if 


universities 


by that group's growth 
for example the Ph.D.’s taken by 
merely 


in size 


represent turnover in a 
group whose size is static, their numerical effect 
on the market is much less than otherwise. 
Projected Needs for Graduate Metallurgists — 
A questionnaire was then sent to a selected group 
of employers representative of the types shown 
in Table I. Twenty-seven usable replies were 
received. These 27 employers, during the six 
year period studied by Bever, hired a total of 
377 M.S.'s Ph.D.’s, which 
included 175 of the 452 students represented in 
That 


metallurgical and 


the preliminary survey, is, slightly less 


than half of their total hiring represented people 
who had just obtained their degrees, Of thes« 


377 people 


M.S.’s 


188 Ph.D.’s and 189 were 
but only 74 of these Ph.D.’s and 101 of 


were 
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the M.S.’s came directly upon graduation. Di 
tribution among the types of ¢ mploye rs is shown 
ith Table I] 

In the que stionnatire asked 
to predict the number of metallurgists with 
for the 
next six years beginning with 1955. The deman 
the 
next six years, compared with 30 hired during 
the Similarly, the number of Ph.D 
wanted about 60 compared with an averags 
about 30 per Since the 
tend to reflect what given 
employer thinks he may be able to get 
he would like ideally — they 


conservative 


the employer was 


advanced degrees that he would need 


: 
for M.S.’s was about 55 on the average for 
previous SIX 
is 


past hiring of 


yeal 


future’ figures a 


as Wwe 1 
as what 


to be 


then, the demand appears to be at least twice 


will tend 


For these 27 employers 
that of past hiring. This estimate represents 

the are 
half the people these 


employers previously hired came directly upon 
} 


minimum demand as far as schools 


concerned since only 


graduation. If they had to rely entirely on t 
schools for their future capply the demand on 
the be the 


supply. This estimate of demand is reinforced 


schools would four times present 


bv the answers to the question “Had the supply 


been unlimited, how would have 


hired?” Those who replied to this question 
hired 228 and said they would have liked 405 


Our sample of 27 employers did roughly 


many you 


’ 
quarter of the total hiring during the period 
Thus their statement that they 
least twice what the supply has been may bi 
taken 
that the demand in the coming year will be for 
at least 120 to 150 Ph.D.’s and an equal number 
of M.S.’s for direct placement upon gt iduation 


studied want at 


as typical of all employers. This means 





lable Il — Metallurgical Personnel in U.S. 


Academic Institutions 


in urgent immediate need but not a re 


curring one unless metallurgical education 





REPORTE! 





should expand unexpectedly 
ments of the staff of 390 are 


If replace 
to be mace 
only as a result of retirement only about 13 
replacements would be needed per year 
The fact that th replacement need total 
63 per year for the reporting institutions 
only) means, of course, that many ind 


viduals transfer from one institution t 
another in mid-career. If these transter 
occur between one academic institution and 
inother, they clearly do not represent a 
net academic need; if to industry, the aca 
demic need remains but the industrial need 
is relieved. Continuing needs for etal 
lurgist: can perhaps be t be arrived at from 
in estimated professional life expectancy 
it graduation and the total level of em 
ployme nt rather than by summing the up 
po ed individual needs a reported by the 
institutions 

; indicated that many colleg 


The re plic 


ire anxious to extend their facilities for 








About one third of those who replied com 
mented on the training of the people they hired 
Almost without exception they wanted peopl 
better trained in the basic disciplines of chemis 
try and physics and more capable of attacking 
iried and unusual problems. The specialization 
of present training was decried by several 
Academic Needs — To estimate the need of 
icademic institutions for metaliurgists with 
graduate training, Cyril S. Smith and Reinhardt 


study, from 


Schuhmann carried out a sepa ite 


vhich we quote 

‘A questionnaire was sent to 68 institution 
believed to be engaged in metallurgical training 
in this country; 44 were returned 

rhe results given in Table III should be used 
with care since some ambiguities and omission: 
became apparent in the questionnaire, including 
poor distinction between men and institutions of 
widely differing types and inadequate separation 
between immediate needs and needs for con 
tinual replacements 

“The total number of staff appointments in 
metallurgy is 390, including 55 positions with 


out incumbents at the moment. This represent: 


metallurgical training. They definitely want 
specialized metallurgists, with only an oeca 
ional desire for people trained in the more 
and chemistry 
ilthough 


Ph.D. training is generally regarded as nec 


basic dis ipline 
It was 


ot physic ; 


interesting to note that 


essary, many staff positions including some with 
tenure, are available without advanced training 
Summary The academic institutions them 
selves ippear to require immediately 55 Ph.D 
out of an estimated annual supply of 60 to SO 
The total demand for 
ippears to be 120 to 150 Ph.D.’s and 120 to 
150 M.S.s per year, while Bever forecasts a 
supply of 60 to 80 Ph.D.’s and 100 to 135 M.S 


The last figure must be reduced by the 


industry md academy 


izable 
Metal consume 
metallurgists a 

About half of 


tudiec wa 


fraction” already employed 


hire twice as many graduate 
metal producer ind fabricatoy 
the hiring done during the pe riod 


of people tre sh from chool here ! a trange 
di ercence between the typ ot people required 
it least on the basis of these two different in 


S¢ hool 


specialized training and experience 


quires the ipparentl, want people with 
while in 
dustry want people more basically trained in 
pl ysics and chemistry 

The shortage of advanced-degree metallurgist 
is most significant and urgent. Academy, industry 


and C,overnment must cooperate to meet it 


quickly ind succes fully o 
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Nickel Conservation 
With High-Manganese 


Stainless. Steels 


By FRANKLIN P 


HUDDLE* 


Between a half and two thirds of the nickel-bearing stainless steels 
could possibly be replaced by the high-manganese alloys, A.LS.1. Type 201 and 202. 
The base price difference favors selection of the manganese steels. (SS) 


efforts by the Federal 


Government. to improve the mobilization posi 
tion of the United States in respect to nickel 


have not yet succeeded in establishing adequate 
supplies and reserves of this metal 

The stockpiling act has been in effect for 
nine years and the defense production act for 
five years: these authorizations have he Iped out 
mobilization position in many ways. Some prog 
ress has been made in nickel stockpiling; con 
tracts have been placed with a number of foreign 
producers of nickel; production of nickel oxide 
under United States Government 
has been undertaken in Cuba; and a major 
source of ferronickel has been developed in the 


United States. But we are still not on easy street 


sponsorship 


In fact, in terms of all national requirements 
nickel is short today and the shortage seems 
likely to continue 


During the Korean emergency American in 


dustry used boron rather extensively in con 


structional alloy steels. Considerable use was 


made of stainless steel cladding. The pattern of 


*Conservation Specialist, Office of the Assistant 
Secretary of Defense 


(Applications Engineering) 
Washington, D.C, 
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nickel conservation in stainless steels was shaped 
by the National Production Authority in Order 
M-SO prohibiting the use of stainless steels con 
taining more than 1% nickel for a long list of 
industrial applications. In response to this order 
many users shifted from austenitic to straight 


A.LS.1. 400 


several austenitic 


chromium stainless steels of the 
series. In addition composi 
tions were worked out using high manganese 
and chromium content along with the permitted 


1% ric kel The 


for applications requiring nonmagneti 


100 series proved unsatistactory 
prop 
erties and untreated welds. The low-nickel com 
positions were successful in a few limited uses 
With the termination of the Korean emergency 
the pressure for nickel conservation in this 
direction diminished 
In a free economy price 1s king and economi 

undoubtedly played a decisive role in the revived 
heavy use of nickel. Meanwhile, many new us« 


for nickel are being foreshadowed 


especially 
in stainless steel. High-temperature skins for 
aircraft, high-temperature jet engines and engi 
neering steels are pre-empting nickel in increas 
ing quantities. In nickel-bearing stain 


alone, the mills poured 430,798 ingot-tons 


Ie ss ste els 





1953, 468.689 in 1954, and for the first 


six months of 1955 were producing at 


Table | — Composition Limits of High-Mn and 


Conventional Stainless 





of 649,560 tons 


industry 


the annual rate 

In consequence today is 
experiencing the unprecedented phe 
nomenon of a peacetime shortage of 


nickel 


when it will end 


without knowing where and 





M 








Since 1950 the military departments 


" 
have been making good progress m 


learning how to get along with less 

nickel in items in which nickel 

has historically been indispensable. Efforts 
this Eventually the 


Armed Services may eliminate nickel altogether 


many 


direction are continuing 


or virtually so, from such military staples as 
urmor plate, gun mounts, tank components and 
salt water piping The amount of nickel require d 
for mobilization has been steadily reduced, and 
this trend will continue 

But while the military departments pursue 
conservation In equipment design requirements 


of nickel, both 


current produc tion have bee n cree ping upward 


military and nonmilitary, for 


Unless the pres nt trend in nickel usage can be 


arrested or at least slowed down, it will be 


responsible for many peacetime procurement 
wartime 
efforts 


A great many items pure hased by the Military 


headaches and might create a serious 


hazard despite military conservation 


Services in wartime are standard equipme nt 
over which the Services exercise no design con 
trol These 


such as fractional horsepower 


include multi purpose components 
and 
as bull 


To some extent 


motors ) 
commercial or shelf-type items (such 
dozers and typewriters even 
here the Military 


awaken manufacturers to the 


Services are attempting to 
necessity for 
mobilization planning Manufacturers are today 
being asked to consider whether they would be 
able to 


stances 


produce under mobilization circum 


substantially the same item they are now 
making, using leaner alloys and eliminating the 
critical material content wherever possible 

It might be of interest to compare this very 
modest approach with what we are told about 
another country. According to an article in Auto 
civilian 
USS.R. are 


intensively adapted to military requirements 


motive Industries of about a year ago 


industry and organizations in the 


“Regardless of costs and lowered economic 
efficiency, the 
products have contorm to 
needs \ is the 


change-over from wheeled to track-laying trac- 


specifications of many civilian 


changed to 


he enh 


military notable illustration 


tors for Soviet agriculture in the mid 1930's 


A current example is 
of the GAS-69, 4 


The extreme prac tice 


the production for agri 
culture carriers 


Soviet 


1 weapon 
cited for the 
Union would probably not be wart inted or even 
possible in the United States 
fabri 
in the 


llowe veg the 
metals in this country 
should 


important matter of 


tors and wse;Trs ol 


interest of the national security 


give more attention to the 
optimum utilization of materials in peace or wat 
The present pressure of nickel shortage upon 
both producers and fabricators of nickel-bearing 
stainless steels provides motivation for general 
‘ xplor ition of ways to make nickel go further 
to give more service per pound employed One 
very attractive opportunity lies in the use of 
low-nickel 
According to the 
Institute 
the mill 
bearing 


lyp 0] 


manganese stainless steels 


American Iron and Steel 

first six months of this year 
325, 000 nickel 
steels of were 


78.000 


during the 
ingot-tons of 
11.000 


poure d 
stainless which 
106.000 


vy 304 


were Type 102. and 


were |] During this period more than 


all stainle 


Tt 
' 
two-thirds of 


steels produced were 
possib| candidates for replacement by ~ the 
stainless teels 


A.LS.1. for 


mangamn typ 
established by 
lable | 


For much of the 


( omposition 


lirnits these steels 
“ure shown ith 
factual and technical material 
cConceTning prope rt S and produ tion of manva 
nese-type st iinless steels in the rest of this paper 
I am indebted to a staff study* by Edmund \ 
Bennett for the Materials Advisory Board, Na 
Academy of Sciences — National Research 
Council, prepared at the request of the De part 
Defense 

According to Mr. Bennett, the 


Table I] I that 


*A limited number of copies of Mr Jenmett s re 


port are a. tilable for distribution to 


tional 


ment of 
present usage 


pattern ee about 8% of all 


industry. Re 
quests may he lto Re rt burn 
Material isor oard, National 
emy of Science 
Constitution \ 


executive 
Acad 
2101 


rddre ‘ 
secretary 


search Council 
Wa gton 25, D. ¢ 
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austenitic stainless steel is Type 501, 23% is Type [he performance of A.LS.I. 201 and 
2 and 27% 1S T ype 304 Major consumers of i seTV ICE if properly applied has been 

301 are railroads and automotive equipment factor, ype 201 seems to be entirely adequat 
using more than half the 30] produced Major is a substitute for 30] Type 902 may be con 
consumers of 302 are aircraft and domestic idered an alternate steel for all 302 application 
appliances which take nearly half of this type except thos involving some type 

Nearly half of the 304 is used in automotive, air corrosion. There appear to be a fe 

craft, food-processing and special-purpose indus this steel may be an acceptable alternate for 
trial equipment The 201 and 202 manganese rhe report states; “It is felt that 20] 
type stainless steels would certainly be suitable are steels of proven merit and that 


- 
ever 
for some of these applications possible should be done to encourage their us« 
Virtually all nickel consumed in the United For purposes of actual mobilization, ther 
States is imported. Fortunately, from the defenss can be no question as to the desirability of usin 


standpoint the major source is our close neigh these steels as alternates for 301 and 302 ii 


bor, Canada; the second source in importance Is proper applic ations. Their properties areé well 


Cuba, also close at hand. Imports in recent year established and no further investigations of thi 


are as follows ort are needed, In arri' ing at these conclusion 


YRAR Jer Tons* Mr. Bennett presents a considerable volume of 
1950 91.347 technical detail on basic metallurgy, mechanical 
195] 93,190 ind corrosion tests production and fabrication 
1952 108,850 
1953 118,737 
as 2 “7 { 
se a on) a a 10% and slightly lower corrosion resistance of 
the 200 series 


practice and service experience The two essen 


tial differences are higher vield strength (about 


*Source: U. S. Bureau of Mine As might be expect | lype 0)? work harden 


In comparison with the 73.000 tons of nickel the least of the low-nickel 
imported in the first half of this vear, about compositions due to 


16,000 tons, the largest single use, was consumed hility 


manganese steel 
maximum austenitic sta 


It has forming properties about equivalent 
in stainless steels shipped weight OF this 


total, 1561 tons went into 301, 5136 
tons into 302 and 4218 into 304 
In summary, stainless steels con 
sume about one-fifth of all nickel 
currently available. One-half to 
two-thirds of the nickel-bearing 


to 302 and should be used where deep drawing 


lable Il — Approximate Consumption by Industry of 18-8 Stainless 





: Steel industry; mainte 
stainless steels are candidates for 


. repall and operator 
substitution of low-nickel mangan ie ce daeee 


ese stainless steels. The manganes« Contractors’ product 150 


type stainless steels require only \utomotive + ,000 I,0U9 


about one-half the nickel used by Railroads 0,000 


‘ ’ Shipbuilding 2 OOO 
conventional austenitic steels. The 


Aircraft 1 OOO 0) 10.000 

possible nickel saving by this sub Chemical pros id 000 M) 
al pr 

stitution is thus on the order of 5 to Food processing 000 0) 


10% of all nickel now being used General-purpose industria al UU 


+, Ss ri rpo ustri A) 
The conclusions of Mr. Bennett's pecial-purpose indu 
Electrical equipment 250 1700 
| , equi 
evaluation of low-nickel manganes« , 
7 “ Domest apphances O00 2 OOO 
stainless are Commercial equipment 000 


l. No appreciable tonnages ol Military (except aircral! 1000 9 OOO 
low-nickel manganese _ stainless Unclassified 00 | 13 £0,690 


steels are currently being produced 


TOTALS 21,000 18 000 
9 


No insuperable difficulties are © of total stainles 
encountered in the production of production* 


: o (x e 
these steels . of 300 type 











3. Most fabrication problems ap 


#1)! OOO net tons 


pear to have been resolved 150.000 1 
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is necessary ype 201 has annealed hardness 
higher than 301, but can bs 
, 


formed equally well under similar conditions 


ilues slightly 


The machinability of 201 is roughly compar 
able to that of 301 and 202 to 302. Welding 
ippears to present no problems and the Budd 
Co, reports that all grades can be welded to 
gether interchangeably No annealing IS neces 
sary after welding 

One of the major features of stainless steels 
Both 201] 
ind 202 show satisfactory resistance to atmos 
ALS] reports that the 


200 series, while slightly less resistant to chemical 


is their resistance to corrosive attack 


pheric corrosion The 
corrosion than 301 and 302, would generally b« 
considered as satisfactory alternates. Tests in 
clude boiling 65% nitric acid for 48 hi 


14 copper sulphate Si’ 


boiling 
sulphuric acid for 72 hi 
icid for 96 hr. at 86° F 
icid at 86° ] 
158° |} 
158° I 


3% lactic 104 phosphori 


for 96 hr.: 60% acetic acid for 96 
hr. at and nonaerated 10% sulphuric 


icid at 


In all except the last-named 


corrosive medium, no significant differences in 


resistance were observed 
Unlike nickel 


clement which raises certain problems as to 


manganese is an oxidizable 
scrap recovery in the steel mill. If stainless scrap 
is melted down at the be ginning of a heat in the 
usual manne; both chromium and manganese 
will oxidize and go into the slag with resultant 
while the nickel content 


poo! alloy recove;ry 


will be practically unaffected, This places the 


manganese type stainless steels in a somewhat 
unfavorable position as compared with the con 
ventional austenitic compositions It is possible 


n some mills to compen: ite substantially for 
the high manganese loss by back charging all 
nickel-manganese scrap near the end of th 
reducing period, Bennett discusses this matter 
it some length and indicates a_ s« juence of 
operations which can be expected to vield re 
coveries of SO to 85% for manganese and 90 
for chromium. If the manganes« type stainles 
rap is melted down initially, recovery figure 
low as 30% for manganese and 75% for 
chromium are not considered unusual 

A very recent development of considerable 
interest to industrial users of stainless steel is 
the fact that prices have been established by 
the mills for the new manganese-type stainless 
steels. These prices run 2¢ per Ib. lower for 201 
than 301, with the 
202 and 302. This 
industrial user suggests that the producing mills 


share with the Department of Defense an interest 


same differential between 


attractive saving to the 


in furthering the exploitation by industry of the 
manganese type stainless steels. Certainly price 


should be 


terms 


no impediment on these favorablk 


[he military measure of relative availability 
of materials under mobilization conditions is the 


Relative Scarcity List. In this system, materials 


and alloys are assigned numbers of “relative 


scarcity , the lower the number the more avail 
able be ing the material. The following tabula 
tion gives the relative scarcity numbers for a 
representative group of stainless steels, including 
both conventional 18-8 Cr-Ni, and low-nickel 
manganese compositions 
RELATIVE 
Tyrer Scarcrry No 
4 
2 
4] 
202 
201 
430 
110 
relative scarcity 


The “ 


ipplied increasingly by the military departments 


numbers ure being 
in specifying steels and in pure hasing shelf type 


items for military use 
Conclusion 


Imports of nickel into the United States ar 
increasing each year but our economy has been 
growing and the use of nickel-bearing alloy 
has been increasing at a more rapid rate than 
imports No reversal of this trend seems likely 
itself takes the 


iction. Allo are available to accom 


to occur unless the industry 
necessary 
plish a major reduction in current uses of mic kel 


These 


abl ii performance Price 


illovs have been tested and found accept 
differentials should 
encourage their use. In easing the current nickel 
shortage by the use of these steels, the producing 
and consuming industries will at the same time 
be contributing in an important way to the 
national security of our country 

Naturally, the Department of Defense is not 
m a position to judge the commercial accept 
ability or economic feasibility of using manga 
rm se-ty pe stainless steels in yp acetiine products 


for nonmilitar consumption but enlarged use 
manifestly of advantage 
to the Defense Department The Military Serv 


ices are being encour ged to take an interest in 


of this type of steel ji 


applying it to military designs. For this reason 
the views of the Department of Detense are 


presente d in thi paper in the hope of stimulating 


ndustry now o 
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Factors Governing Induction Hardening 


| 
C, nves on the Data Sheet p. 104-B 


summarize information taken from production 
records on several hundred jobs. All the steels 
had 0.45 or 0.50 average carbon; most were plain 
carbon steels, There was no time delay between 
heat and quench. Unless specified, size is 1%-in. 
rounds, Surface hardness was C-63 to 65; “depth” 
means distance down to C-50. “Power density” 
is the relation between energy put into the in- 
Data for 
500,000 cycles are also applicable to frequencies 
down to 375,000. 

Static Hardening—If the part is closely 


coupled by the inductor and quenched in posi 


ductor and the surface area hardened 


tion, the width of the hardened area is always 
slightly less than the inductor, and the depth of 
hardness is greater at the center of the inductor 
width unless its face has been properly recessed 

Curves for minimum power density (Fig. 1) 
become asymptotic to zero as the diameter ce 
creases, and to some definite value as diameter 
increases (assuming a certain depth of harden- 
ing). Thus, 10 kw. per sq.in. at 500,000 cycles 
suffices for bars of any size over 3 in. if depth 
needs be no greater than 0.050 in 

Power density versus heating time for 1%-in 
bars is shown in Fig. 3, and furnished a guide for 
any diameter Slope of the graph on log-log 
55 to 40 
per sq.in. may be safely applied to a 
wide variety of analyses 


paper is significant and indicates that 
kw sc¢ 


Prior structure (fineness of microconstituents ) 
has an important influence on power require 
ments for surface hardening, as shown in Fig. 4 
Note also that more power at 3000 cycles is re 
quired for the most 
than at 10,000 cycles 

Progressive hardening is done by passing long 
parts through a closely coupled inductor and 
quenching the hot region just as it leaves the 


favorable microstructure 


*Technical Director Ohio Crank 
shaft Co., Cleveland. Portion of paper presented 
before Industrial Heating Equipment Assoc. at Na 
tional Metal Congress, Philadelphia, Oct. 19 


Tocco Div 9 
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of Steel Surfaces 


By HARRY B. OSBORN, JR.* 


magnetic field. Quenching streams must be d 

rected so no water sprays back into the inductor 
Even though the lines in Fig. 2 are drawn fo 

25 kw 

proportional to rate of travel at any practicable 


power density. All lines in Fig. 2 are 


per sq.in depth of hardness is directly 
straight 
and parallel, One point only is necessary to fix 
relationships for other conditions. Thus if a part 
is processed on a certain piece of equipment, it 
is only necessary to know the depth produced 
for a given rate of travel and a line can be drawn 
predic ting depths for other processing speeds 
Correct power density for progressive hard 


ening may be estimated from the straight ling 


in Fig. 1, drawn from data from a wide variety 
of analyses and diameters from 0.5 to 3 in. The 
line is analogous to the one in Fig. 3 for static 
hardening, in that the required power density is 
less at slow rates of travel (longer times within 
50 and 100 kw 


per sq.in. in Fig. 5 plotted on log-log coordinates 


the induction coil Lines for 
show that increased power permits taster rate 
of travel for a given diameter. These relationships 
A.1.S.1. 1045, 3140, 4130. and 
52100 steels. With fixed power input to inductor 


average data for 


approximately % in 


wide) the power density 
with increase of diameter 

Figure 6 on the Data Sheet is similar to Fig 
but applies to 500,000-cycle current and shal 
lower hardening (0.050 in. ). The inductor is % in 


wide. Note difference in the scale of horizontal 


dee reases 


coordinates representing diameter, and differ 
ences In slope of lines for various powell densities 
Lines in either Fig. 5 or 6 can be used to predict 
different diameters by 


having one set of values of travel and 


processing speeds for 
simply 
diameter and drawing a line through this point 
parallel to those on the charts 

“Response” of the material must always be 
taken into consideration; adjustments from the 
control factors in the Data Sheet can be antici 
pated However, these charts will speed up con 
siderably the establishment of produc tion cycles 
and eliminate a lot of “cutting and trving” 8 





At low heat-hour cost ... Nichrome muffles American Gas Furnaces Company, Eliza- 
give thousands of hours of high temperature beth, N. J., in operation at plant of Shake- 
vice in gas furnaces manufactured by the proof Div., Illinois Tool Worth Elgin, Hl 


Nichrome muffle...able to handle 
corrosive gas for 5% years at 1600'F 


HANDLING A CORROSIVE MIXTURE of 
city gas and ammonia, a Nichrome 
muffle used for heat treating small 
steel parts completed 36,732 hours 
of almost uninterrupted service at 
1600°F 

But this temperature is no severe . 
test for Nichrome. Even at higher A typical nichrome muffle, 
temperatures, under normal heating precuces oy Drives-Harrt a 
conditions you'll find little deteri- Harrison, N. J. Nichrome muffle 
oration of this 60% nickel-15°% this type weigh from 291 to 2775 
chromium-iron alloy depending on furnace size and functior 








Actually, the big story about a —s, Ps 
N i hrome m iff is it ability to with ated temperatures. Equally impor tion for handling reducing gas 
tand “thermal shock Shock from oe , es , wale 
ant, the nickel addition plays a ma and for operations involving high 
jor role in improving resistance to temperature fatigue 
scaling from common industrial at- If 
mospheres be glad to help with our wide praeti 
Naturally, the 60 nickel content That’s why you find Nichrome cal experience. No matter what your 
in Nichrome produces significant ef- muffles, retorts and other heat treat ndustry end the details of you 
fect For one thing, it improves ing components used extensi' 
load-carrying characteristics at ele- 


repeated alternate heating and cool- 
ing. And shock from intermittent 


harging of cold work you have a metal problem, we'll 


ely for difficulty for our suggestions. Writ 
nitriding, for carburizing, for oxida- us now 


IKCO THE INTERNATIONAL NICKEL COMPANY, INC, 82.424. 3'0% 
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Surface Hardening by Induction 


Rate of Travel,in per 





Sec 


By Harry B. Osborn, Jr. 
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Current Depth 
3,000 Cycles 0,070 to 0,160 In 
10,000 Cycles 


500,000 Cycles 


0.060 to 0.140 In 
0,060 to 0,140!In 
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Fig. 3--Slope ot Graph Indicates That 35 Fig. 4 Influence of Prior 
to 40 Kw-Sec. per Sq. In. Is Correct Power (Fineness of Microconstituent 
Input for Static Hardening Most Steel Requirement for Surface 
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Heat treating with low drag-out.. 


Madison Wire Com pany 
anneals stainless steel wire 
WITH AEROHEAT 1200 


Heat Treatin g Compou nd 


Here's what was needed: a heat- __ less steel wire is put through fou 


treating bath that would give 
trouble-free operation with low 
drag-out at the Madison Wire 
Company in Buffalo, N. Y. Agro- 


draws, then annealed in AEROHEA1 
1200 for 20 minutes at 1450° F 


No carburizing or decarburiz- 


ing of the wire occurs because 


HEAT 1200 was the answer. AEROHEAT 1200 contains a built- 


Madison's high-quality stain- in rectifier assuring neutrality of 


Cyanamid's heat treating compounds include: 
AEROCARB’ Carburizing Compound 
AEROCASE’ Case Hardening Compounds 
AEROHEAT” Heat Treating Compounds 


the heat-treating bath 

Low-cost, high-control anneal- 
ing with Arroneatr 1200 Heat 
Treating Compound may be job- 
right for your operation, too. For 
information or service, mail the 


attached coupon 


eo) AMERICAN Cyanamid LOMPANY 


30 Rockefeller Plaza, New York 20, N. Y 
[) Send data sheet on Amnoneatr 1200 


C) Have technical represent itive call 


Other products for metal processing include: 


AEROMET® Metallurgical Additive 
Metallic Stearates 

Surface Active Agents 

Acids and other Heavy Chemicals 


*Trade-mark 


In Canoda: North American Cyonamid Limited, Toronto and Montreal 
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Depend on the award-winning 
Bausch & Lomb line for 


BETTER, FASTER 
METALLURGICAL 
ANALYSES 


Why was Bausch & Lomb metallurgical 
equipment used by 8 out of 11 ASM award 
winners? Why does the same proportion 
prevail throughout industry—in research, 


in quality control? Three reasons, all im- 
Balphot Metallograph 


portant to you: Catalog E-232 


@ Unequalled image quality, visual 
and photographic 


@ Unequalled ease of operation 


@ Unequalled speed of analysis Se 


WRITE FOR INFORMATIVE LITERATURE 


Find out how Bausch & Lomb—with the 
most complete line serving industry—can 
save you money in time and materials. 
Write, specifying Catalog number(s) to 
Bausch & Lomb Optical Co., 63848 St 
Paul Street, Rochester 2, New York 


MILS Metaliograph 
Catalog E-28 


BAUSCH 6 LOMB 3am 


Stereomicroscopes 
Catalog D-15 


Model L 
America’s only complete optical source — from glass to finished product = , Photomacrographic ays 


Equipment 
Polaroid Land 
Eyepiece Camera Catateg 5-310 Camera Attachment 


Catalog E-244 Catalog E-243 
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Surface Hardening 


, 


Induction Heat 


... Its Metallurgical Aspects 


By HARRY B. OSBORN, JR.* 


The ability of induced electrical currents to generate heat 
in the surface layers of steel parts with unparalleled rapidity 
results in many manufacturing advantages and economies. 


The underlying metallurgy is expounded. (J 2) 


- 
Boos the almost overwhelming mass of 


material which could qualify as “Metallurgical 
Aspects of Induction Heating”, this paper pro- 
poses to set forth some basic considerations and 
show how controllable variables such as fre- 
quency and power density affect the depth of 
hardness and microstructure of the heat treated 
part. Further to simplify the subject matter it 
will be limited to the surface hardening of a 
cylindrical steel part, primarily for producing 
a wear resistant surface but sometimes for othe: 
cogent reasons 

Heating — The typical cylinder is heated by 
the resistance it offers to electrical currents in 
duc ed on the surtace. 1] he main variables govern 
ing the depth of hardening are the frequency of 
the alternating current, the diameter of the steel 
bar, and time. In order for a surface layer to be 
hardened it must obviously be heated above the 
critical temperature, and a certain amount of 
time — even though very short — is necessary for 
heat generated at the very surface to be con 
ducted inward 

Much has been said and written about the 
desirable frequency to use. One thing to bear 
in mind in thinking about the surface harden- 
ing of solid rounds is that the minimum fre 
quency is a function of the bar's diameter. 


Neglecting this factor of size depth of penetra 


tion D of the 


thickness of the conducting layer 1S 


induced electrical energy the 
ipproxl 
; where 


Solving the 


mately defined by the equation D 
F is frequency in cycles per sec 
equation for various frequen ies we have 
3.000 cycles 
10,000 cycles 
500,000 cycles 


0.035 in penetration 
0.020 in penetration 
0.003 in penetration 


Several factors combine to make the minimum 
depth of 


above these theoretical figures. In the first place 


practic al penetration considerably 


the formula applies for zero time Obviously no 
metallurgical transformation can take place in 
stantaneously, even though conduction of heat 


This skin effect 
or the tendency for the heat to be developed 


into the cold core is very rapid 


and less signific trie 
idditional 
depth ID’ which necessarily results from heat 


on the surface, assumes les 


as the heating time increas The 


flow by conduction is 


Ly’ 0.0015 1 
Where D’ is the depth in inches and T is the 


time in seconds 


*Technical Director Focco Div 
shaft Co., Cleveland. Portions of a paper presented 
before the Industrial Heating Equipment Asso 
meeting at the National Metal Congress and Expo 
sition Philadelphia Oct. 19, 1955 


Ohio Crank 
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Solving the equation for various times gives: 
0.5 sec. 
L.0 Sec 
2.0 sec. 


From the above 


0.027 in. penetration 

0.039 in. penetration 

0.055 in. penetration 
two equations one can esti 
mate the depth of hardness when using a given 
frequency and heating time. (Power density 
also enters the picture and its effect will be 
Additional 
hardness depth (heat penetration ) results from a 


covered later in considerable detail 


delay between power shut-off and quench 
Quench — Where the part is reasonably large 

in cross section and the depth of hardness is not 

sharply limited, the delay time between heat 


ing and quenching is not extremely critical. It 


gives additional time at high temperature for 
solution and uniform diffusion of the metal 
lurgical components without going to higher 
therefore advan 


temperatures and 1S quite 


tageous. However, such delay periods are in 
frequently used since the temperatures can be 
run up in the short heating cycles generally 
associated with induction heating, thus obtain 
ing the same results without undesirable coarsen 
ing of the microstructure. Good solution and 
diffusion are accomplished (if prior microstruc 
ture as outlined in the next section is correct) in 
time too short for noticeable grain growth in 
the austenite. 

A long round can be surface hardened pro 
gressively, being heated as it goes through a 
relatively short induction coil and quenched as 
it emerges. If a limited amount of power is 
available, the long part may still be properly 
hardened to the required depth by introducing 
the power in a narrow inductor. In this instance 
the depth of penetration is not a function of 
frequency but primarily of power density, and 
secondarily of the rate of travel through the 
This 
parable to time of heating in the “single shot” 
or “static” method, and the quenching practice 


inductor. last-mentioned factor is com 


while not involving a delay time, does enter the 
picture as a controllable item. The metallurgist 
can vary the angle at which the quench holes 
are drilled, thereby controlling the distance be- 
tween the end of the inductor (the point at 
which the part loses the effect of the high 
frequency current) and the point at which it 
reaches the quench the longer the 
time interval between leaving the inductor and 
striking the quench, the greater the heat flow 
inward by conduction 

Delay between power shut-off and application 


Obviously 


of quenching jets assumes extreme significance 
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Time, Sec 


Fig. 1 ~ Relation Between Transient Thermal 
Time Between Power on and Quench, and 
Diameter of Round for Through Hardening 


when surface hardening small-diameter rounds 
and thin-walled tubes. It is difficult to evaluate 
accurately the many variables involved, but for 
a given set of conditions there are certain mini 
mum times to prevent through hardening. With 
1650° F 
maintained constant for zero depth, Fig. 1 plots 


surface temperature of theoretically 


this transient thermal time against diameter of 


i 


solid bar. For example, if a %-in. round is to 


be surface hardened, theoretically it must be 
quenched within 0.8 sec. or the heat conducted 
inward will harden the metal to the center 

Figure 1 plots a theoretical relationship and 
neglects the fact that there is a certain depth of 
metal at the 1650° F. surface temperature. Nor 
does it account for a drop in surface tempera 
ture during the delay before quenching. How 
ever, the two factors seem to offset each other, 
for the theoretical curve in Fig. 1 checks labora 
tory studies. Another large influence is played 
by prior microstructure —a matter to be dis 
cussed in the next section 


However analyses and 


assuming chemical 
microstructure which respond readily to heat 
hardened 


treatment, the minimum depths of 


layers for parts in production are 


MinimuM Deprs In Practics 
0.060 in 
0.040 
0.020 


FREQUENCY 
3,000 cycles 
10,000 

500.000 

These minimum practical depths are from two 

to seven times the theoretical as listed earlier 
the difference 


as the frequency goes up 


in this paper being the greate1 


Effect of Prior Microstructure 


Given a certain set of dimensions and elec 


trical conditions, another set of variables is 
vitally important. These refer to the chemical 
analysis of the steel but more especially its 


microstructure These influence the result be 





cause the time at heat, during induction harden- 
ing, is very short and the carbides must be in 


such condition they will go rapidly into solution 


in the austenite (or at least an effective amount 
of therm 


is ¢ xceedingly 


Diffusion, once carbon is in solution, 
rapid when we consider the 
distances measured by fine grain in austenite. 
Fortunately, the inherently short heating time 
of induction heating permits the use of higher 
austenitizing temperatures than with furnace 
practices. This high temperature correspond 
ingly speeds all the physical changes within the 
metal’s structure. 

It might be emphasized that there is nothing 
magical about induction heat in the sense that 
it will do anything more than the proper number 
of British thermal units will do if put into the 
steel correctly by a hot furnace atmosphere or 


A Btu 


is a Btu Speed of heat generation in a definite 


a molten salt bath or in any other way. 


area and depth, and generation in precisely con 
trollable quantities are the prime reasons for 
using induced electrical currents for heat treat- 
ment of metal. 

In view of the short heating cycles and there- 
fore the 
critical prior structure is very important. Coarse 


short time the steel is above the 
spheroids and coarse-grained ferrite must of 
necessity be heated hotter and longer than sorbite 
or fine pearlite. 

Sometimes a compromise must be made with 
requirements in other directions. If the stock 
requires much machining, best structure for 
machinability very often is undesirable for in 
duction heating. Ordinarily this merely involves 
adjusting power (surface temperature ) and 
Only in 


strictly 


time within the coil (time at heat) 
the event that 


limited does a coarse structure cause difficulty 


hardening depth is 


in heat treating 

It is always desirable to induce the minimum 
temperature which will produce the necessary 
hardness and correct microstructure. What this 
temperature is usually depends upon other con 
ditions than the analysis of the material. Possibly 
surface temperature is of most importance when 
hardening the plain carbon steels —the lower 
the carbon content the higher the temperature 
needed, We could plot temperature against 
carbon content and have practically a straight 
line function as far as 0.45% carbon, when we 
reach a minimum temperature. Additional carbon 
content has no effect on the ease of obtaining 
full hardness; the excess carbon may not be 
completely in solution, yet may not be necessary 


for wear resistance. Undissolved carbide particles 
may be very helpful 

It results that normalized 1090 steel austen- 
itizes very rapidly at moderate temperatures a 
little above the eutectoid. From what already has 
follows that 
respond better if they have been previously 


been said it low-carbon | steels 
heat treated to a sorbitic microstructure. Carbide 
partic les in higher alloy steels are often complex 
in chemical composition, and dissolve more 
slowly than plain cementite. Steels with such 
heated 


higher or be longer at heat than simpler steels 


microconstituents must also be either 


Metallographic examination and hardness 
surveys are of course the simplest and best ways 
Structure 
not completely in solution must be given higher 
both 


If depth may be increased, then longer heating 


of determining the over-all results 


temperature or longer heating time, or 
time will usually suffice. To meet hardness-depth 
specifications longer heating must sometimes be 
done at a reduced power imput. 

If micro-examination indicates overheating 
power or heating time or both must be reduced 

always remembering the basic rule that high 
power at a given frequency for a short time 
produces shallow depths, and lower power for 
a longer time produces greater depths, The 
various effects of power, time and frequency 
are covered in a series of curves on p. 104-B 

The extraordinary rapidity of carbide solu 
tion and carbon diffusion has already been 
mentioned, This is proven qualitatively by the 
common observation that microstructure of 
hardened plain carbon steels heated no more 
than 0.2 or 0.8 sec 


residual carbide partic les. Even complex alloy 


shows no free ferrite or 


steels show fully martensitic hardened areas free 
from carbides if the prior structure contained no 
coarse particles and if the hardening temperature 
1S boosted a couple of hundred degrees 
Quenching — When the proper frequency 
power and heat time are applied only half the 
job is done. Once we have obtained homogeneous 
austenite we must convert it to martensite by a 
suitable quench While the selection of quench 
is sometimes determined by the type of steel 
induction hardening does not differentiate be 
tween “oil hardening”, “air hardening” and 
“water hardening” steels. Regardless of the steel’s 
hardenability, if the part is uniform in shape 
with no stress-raising areas ~—as, for example 
a plain round bar — water jets can always be 
used, The physical configuration sometimes dic 
tates the need for a milder quench with soluble 
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Induction Hardened 
S.A.E. 1035 


x 10 


4 37,500 Psi. Stress 


400,000 
Cycles 


Stress, Psi 


5 6 
710 aro 10 


Tests 
on Automotive Shafts From Production 


Fig. 2— Torsional Fatigue 


duction hardened to C-55 to C-58, no drau 
Wayne Dit 


Data are from Dana Corp., Ft 


oil or regular quenching oil; S.A.E. 1050 gears 
are often oil quenched for that reason. 

All quenching must be at sufficient speed to 
exceed the critical cooling rate of steel by a safe 
margin. Under normal conditions this always 
will prevail; otherwise the volume and pressure 
of the streams must be increased, The quench 
must last long enough to bring the part down 
through the martensite transformation range. 

Quenching for surface hardening is always 
by direct sprays through the inductor or directly 
beyond it if the part is treated progressively 
Quenching jets assure greater uniformity than 
with any other technique. 

Preheating — Sometimes the heating cycle is 
divided so that the part is mildly heated through 
out before it is superficially heated for surface 
hardening. This has two advantages. The first 
is that a smaller amount of high-frequency 
energy is necessary; either less power o1 shorter 
heating time is required, Secondly, the hot core 
stress-relieves the hardened case immediately 


following the quench. Preheating may be done 


in the same fixture used for the subsequent 


induction heat treatment simply by switching 
on current at low power at first and permitting 
the heat to flow inward by conduction for a 
considerable time. Then, by program control 
switched on 


austenitize the surface. 


full power is long enough to 
Alternatively, a dual 
fixture, the first with low-frequency 60-cycle 
power heating may be used 
tional fuel-fired furnaces. 


likewise conven- 
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Quenched and Drawn 
S.A.E. 4140 


Full Size 


Superhardness Slight reference 


must be made to “superhardness 

Inspection ot parts in the produc 

tion line shows that surfaces hard 
ened by induction have Rockwell 
numbers slightly higher than thos 
normally attributed to the carbon 
in the analysis. Maximum hardness 
heated 


above the upper critical and 


obtainable in 4-in. cubes 


50° F 
quenched in iced brine, is two on 
three points below the hardness of 
induction hardened parts. This is 
true for the complete carbon range 
for both plain and alloy steels and 
for cast iron. 

Superhardness is considered by 
the present author to be of aca 
demic importance only It is a 

phenomenon probably associated 
both with the short heating cycles 
and with the 
Sometimes the 


slightly for se veral days, but eventually stabilizes 


rapid quen hing 


observed hardness drops off 
at values measurably in excess ot the mMaXiMnumMs 
normally « Xpec ted. This suggests that the super 
hardness may be due to high compressive stresses 
in the surface which may gradually be relieved 
However, cast iron increases in hardness after 


the parts are processed, 
Surface Hardening for Other Purposes 


Improved Fatigue Life — Surface hardening 


to fairly great depths of long bars as they 
progress through an induction coil and quench 
has been found to improve the fatigue life of 
parts made therefrom. Furthermore, this has 
enabled the metallurgist to substitute plain low 
carbon steels for previously used alloy steels 
not only with large savings in costs of material 


and machining but also with an mcrease in 


Fig. 3 — Sectioned Roller for Sprague 
Race Showing Ring Deep Hard 
ened to Carry Very Heavy Loads 





0.08 


In 


Amplitude 


Fig. 4—Comparison of Endurance Tests on 
Steering Knuckles Made of Plain Carbon Steel 
C-1046, Induction Hardened, and Carbon-Molyb 
Through Heat Treated. Data 
from Chrysler Corp Photograph is a sectioned 


knuc kh loc alized harde ned 


de num ~ Amola , 


showing region 


fatigue life in both torsion and bending of as 
much as 200%. This has been used very success- 
fully for automobile axle shafts — saving up to 
15¢ pel shaft 

The process consists of continuously surtace 
hardening at a power input which will result 
in relatively deep heating. Therefore, frequencies 
of 3000 or 10,000 cycles are used. The traverse 


rate is about % in. per se¢ 


The taper of the 
finished shafts presents no problem. Total depths 
heated run from 0.200 to 0.250 in 
specified depth of hardness (depth to 50% mar 
tensite) is from 0.120 to 0.160 in 
upon diameter 


Figure 2, from data supplied by Dana ( orp 


Minimum 


depending 


shows the Improvement in torsional fatigue life 
of an induction hardened S.A.E. 1035 drive shaft 
as compared with a deep hardened, quenched 
and drawn S.A.E. 4140 shaft. The alloy shafts 
100,000 cycles and the induction 
hardened 1,500,000 at a repetitive impact of 
612 ft-lb., causing 37,500 psi 


Similar results were found by Chrysler Corp 


( ndure d only 
maximum stress 


when testing axle shafts in bending fatigue 
Induction hardened S.A.E. 1037 steel had infinite 
life at a maximum stress of 60,000 psi 
through heat treated, quenched and drawn 
carbon-molybdenum “Amola” 
38,000 psi 


The full hardness of induction hardened parts 


whereas 
steel (peened 
could endure only indefinitely 

surface 
averaging originally about Rockwell 
C-55, is reduced to about C-48 to 50. This may 
be done in a fuel-fired furnace at approximately 
500° F. or on the return travel through the 


is sometimes drawn back so that the 


hardne ss 


inductor block during which high frequency 


10* 2 


induction Hardened A.1.S.1.C-1046 


a Life, 0.07 In 


Through Heat Treated 
Amola (Peened) —~ 





Infinite Life, 0.044i1n. 


5 710° 10° 


Cycles of * ress 


power and low power density does the heating 

len million shafts have been so processed 
Back-Up for Heavy 

otten 


heavy 


Bearing Loads — Very 


a wear resistant surtace is subjected to 
pressures, Ordinary shallow carburized 
Increasing 


such case ce pth to, say, 0.100 to 0.150 in. would 


cases will not support such loads 
be extremely costly. A good « xample of this is a 
Sprague race which carries a heavy load by 
‘locked” rollers ( Fig. 3). The steel is S.A.E. 5160 

Critically Stressed Areas — Selective hardening 
a critically stressed area has proved to be a very 
effective way of increasing the endurance limit 
of the part 


at the same time an additional advantage is 


Fortunately this can be done and 


gained by switching from alloy to carbon steel 

For example, a steering knuckle is called upon 
to do an important job on a vehicle, and selective 
surtace harcde ning’, as shown ih Fig 1, increases 
the endurance limit tremendously, insuring a 
far greater factor of safety. The alloy shaft could 
endure indefinitely a strain of 0.044-in. ampli 


induction hardened shaft 


could endure 0.070 in 


tude whereas the 


Enough has been said to indicate clearly that 
rapid surface heating by induced electrical cur 
rents causes the same changes in microstructure 
and mechanical properties of the steel as the 
same heat from any source would effect pro 
vided the heat could be 


and under 


generated so rapidly 
control. This 


metallurgical 


such close article 


tries to show engineers how 
the product can be ke pt under close control and 
why the proven advantages do accrue to the 
machine parts and tools hardened in this way 
\ supple mentary short article and data sheet on 
p. 104 and 104-B present some specific rela 
tionships drawn from pi ictice among the vari 
ous controllable factors +) 
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Elimination of Segregation 


in 


Babbitt Alloy 


By W. J. REICHENECKER* 


Copper additions of about 0.7% markedly reduce the tendency 
toward segregation in lead-tin-antimony babbitt alloys and result 
in more uniform cast structure of heavy bearings. (Pb, SG-c) 


dices rion is often encountered in bear- 
ings cast from lead-base babbitt alloys containing 
tin and antimony, particularly when cooling 
rates are slow. Segregation can be eliminated by 
increasing the cooling rate so that the alloy 
freezes before the constituents separate. Because 
of size or design of the bearing shell, however, it 
is not always possible to cool the bearing rapidly 
enough, and another method of controlling seg- 
regation is desirable. 

The lead-base babbitt used for bearings manu 
factured by Westinghouse has a nominal com- 
position of 8% tin, 14% antimony and 78% lead. 
Normally the copper content is limited to a 
maximum of 0.5%. It was decided, however, to 
determine whether copper additions would offer 
a means of satisfactorily minimizing segregation. 
Literature references indicate that copper is 
effective in reducing segregation in lead-base 
babbitt but may cause “frothing” during casting 
of alloys with low tin contents. 

Three ingots weighing approximately 5 Ib. 
each were poured from melts of the lead-base 
babbitt alloy which contained approximately 
0.0, 0.4 and 0.7% copper. The molten babbitt was 
cast at 840° F. into an iron mold preheated to 
620° F. The ingots were allowed to cool in still 
air so that any tendency toward segregation 

*Materials Engineering Dept 
Electric Corp., East Pittsburgh, Pa 


Westinghouse 
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would be accentuated. The slow cooling rate 


approximates cooling conditions which occur 
when heavy walled cast iron bearing shells are 
babbitted. 

When the ingots had cooled to room tempera 
ture, they were stripped from the mold, sectioned 
vertically, ground smooth and macro-etched to 
reveal the structure. Photographs of these ingot 
cross sections are shown in Fig. 1, 2 and 3, to 
gether with the chemical composition of samples 
taken from the top and bottom section of each 

The pronounced effect of increasing the copper 
content on reducing segregation in this lead-tin 
antimony babbitt alloy is obvious. Ingot 1 con 
tained less than 0.03% copper and exhibits almost 
complete segregation of the tin-antimony con 
stituent. With about 0.49 copper as in Ingot 2 
segregation decreases and the distribution of the 
tin-antimony constituent is more uniform. Ingot 
3, containing about 0.7% copper, is essentially 
free of any tendency toward segregation 

Based on the results obtained on the laboratory 
samples it appears that the addition of coppe! 
within the range 0.5 to 0.8% to this lead-base 
babbitt alloy offers a means of reducing segre 
gation in cast bearings. Trial use of the copper 
modified alloy in the shop vielded satisfactory 
results and a new material has been adopted for 
regular use in place of the essentially copper! 


free alloy previously used, rs) 





Cu SN SB Ps 
Nominal composition 0.03 8.26 16.60 75.11 
Location A 0.03 9.91 20.21 69.87 
Location B 0.03 5.58 12.69 81.72 


Fig. 1 — Extreme Segregation 
in Ingot 1 With Low Copper 


Cr SN SB Pa 
Nominal composition 0.35 8.13 14.34 77.15 
Location A 0.60 7.36 13.39 78.65 
Location B 0.24 7.18 13.12 79.51 
) 


Fig Segregation Reduced by In- 


termediate Copper Content in Ingot 2 


; fs” 
Cu SN SB 

Nominal composition 0.71 7.33 13.28 78.68 

Location A 0.71 7.01 12.89 79.39 

Location B 0.63 7.00 13.09 79.18 


Fig. 3 — Segregation Practically 
Eliminated by 0.7% Copper 
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Toughness 


Without Tempering 


By ROBERT H. ABORN* 


The high toughness of quench hardened low-carbon steels is associated 


with high-temperature formation of martensite and 


subsequent tempering that occurs during quenching. (N 8, CN) 


Moen nsite has long been regarded with 


mixed emotions by metals engineers responsible 
for selection and processing steels for critical 
applications. When untempered it is so brittle 
and susceptible to cracking that fear of its pres- 
ence has automatically ruled out the use of 
quenching in the manufacture of such things as 
pressure vessels. Yet when martensite is properly 
tempered, it provides the best combination of 
shock toughness and strength. Medium-carbon 
steels, so treated, have been used to meet the 
ultra high strength and ductility requirements 
of aircraft. 

More recently a new class of steels has been 
developed which combines strengths up to 
200,000 psi. with toughness 


formability. Carbon content is limited to a maxi 


weldability and 


mum of 0.20% and Fig. 1 indicates the toughness 
obtainable with these untempered “low-carbon 
martensites’ even at a hardness of Vickers 400 
(about Rockwell C-41). Subsize specimens were 
A.L.S.1. 1013 will not harden com 
pletely through sections greater than about 0.1 
in. thick but the boxed numbers 30 and 15 indi- 
cate the equivalent 30 and 15-ft-lb, energy levels 


used because 


for standard Charpy V-notch specimens. The 
remarkable toughness of such steels has led to 
the first limited use of quenched and tempered 
steel in pressure vessels. Low-carbon martensite 
is not raw and untempered as its high-carbon 
brother, but has, in a sense, been automatically 


conditioned, to set the stage for a favorable com- 


*Director of Fundamental Research Laboratory. 
U.S. Steel Corp. Kearny, N. ]. This article summa 
izes portions of the 1955 Campbell Memorial Le« 
ture, “Low-Carbon Martensites’ 
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bination of maximum advantages with minimum 
disadvantages. We have studied its behavior 
with A.LS.1. 1013, alloy steels such as 4315 and 
13 BY 12 and even unstable stainless steels like 
Type 301. Although we don't fully understand the 
basic fundamentals we can now correlate thé 
properties with microstructure 

Much of the work has been done with 1013 
and three conditions of martensite were studied 
untempered; low-tempered (1 hr. at 400° F.), con 
responding to the treatment of the core of many 
carburized parts; and high-tempered to a nom 
inal hardness level of C-29 corresponding to 
about 100,000-psi. yield strength—a level of 


mcreasi 


interest for readily welded, high 


ig 
strength structures. The curves in Fig show 
that the unte mpered martensite is tougher than 


Actually 


plain low-carbon untempe red martensite, even 


the same martensite after a low t mper 


though born of large-grained austenite, has an 
equivalent 15 ft lb 

140° fF 
the high tempered martensite has the 
equivalent to a 30 ft-lb. level 


transition temperature at 
Furthermore, as would be expected 
highest 
notch toughness 
at — 100° F 

The high notch toughness and ductility of low 
carbon martensite can be traced to the fact that 
the te mperature range in which austenite trans 
forms to martensite during quenching Is more 
dependent upon carbon content than upon any 
other solute element. In low-carbon steels this 
range is much higher than the corresponding 
range for medium and high-carbon steels, This 
temperature range of martensite tormation is 
shown in Fig. 3 for 1013 and for 4315. Martensit 


formation begins in 1013 at about 870° F. and i 








Energy, Ft.-Lb 


200 100 0 


Test Temperature, “F 


Fig. I Notch Toughness of Untem 
pered A.1.S.1. 1013 Martensite Measured 


on %-Size V-Notch Charpy Specimens 


complete d at 7 


5° F. just below the starting 


temperature in 4315. However, even in 1315 
martensite formation is completed at a tempera 
ture above that at which it begins to form in most 
medium-carbon, low-alloy steels 

The idealized cooling curves for the center 
,% in. and 0.4 in. thick 


demonstrate that the first-formed martensite may 


zone of specimens 1/32 in 


be exposed to temperatures above 600° F. for 
periods ranging from about 1/6 sec. for the thin 
for the thickest section 


Although martensite is the only transformation 


nest, to Ser 


product formed in any of these specimens on 
quenching, the hardness values reveal definite 
softening with increased section thickness in both 
steels, amounting to nearly 40 Vickers units in 
$315 (Vickers 473 for 1/32-in specimens versu 
137 for 0.4-in. specimens 

In contrast to high-carbon steels, untrans 
formed or retained austenite is insignificant in 
these quench hardened low-carbon steels. Re 
pe ated X-ray checks show that the amount of 
retained austenite present in these low-carbon 
martensites was always less than 0.59 

Both 1013 and 4315 steels in various quenched 
and tempered conditions have been examined 
with both light and electron metallographic 
techniques. To avoid tempering during prepara 
tion all specimens were mounted either in metal 
clamps or in cold-setting plastic, and were wet 


ground to mid-thickness on lead laps. 
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Fig. 3 Temperature Range of Martensite 
Formation in AJI.SJI. 1013 and 4315 and 
Center ( ooling Curves for Three Sections 


Two different replica methods were used in 
preparing the electron micrographs Those micto 
graphs designated “shadow” in Fig 4 were 
taken of conventional uranium-shadow-cast pla 
tic impressions of surface relief on the etched 


marked “ey 


traction”, at right in Fig 4, were 


specimen, ‘I he other micrographs 


prepared 
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Light; 1300 >» 


Fig. 4 Microstructure of AI.S.1. 1013 
QOuenched in Iced Brine From 2200° F 


Vartensite 
Picral etch 


by a relatively new method, in which fine precipi 


tate particles are stripped from the specimen 
with the replica, and examined directly in the 
electron microscope. Since the actual particles 
rather than mere replicas of them, are examined 
it is possible to identify the precipitate by 
electron diffraction analysis of selected areas 
These micrographs of 1013 martensite reveal 
that the effect of thickness and thus of cooling 
rate on hardness is associated with differences 
in microstructural appearance. The upper row 
are light, shadow and extraction mic rographs of 


Fig. 5 
1/8-In. Specimen, Quenched ] 
Vickers 405 


32-In., 2 
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Shadow: 


Sec 


Vickers 403 


7000 » Extraction 13.000 


Vickers 
Vickers 


Top three 
bottom 


32-in 
1 /8-in 


are 1 
three 


125 
105 


spe cTmens 


are specimens 


1/32-in. specimens Vickers whereas 


125 the 


lower corresponding micrographs of 


row are 


4-in. specimens (Vickers 405). In the light micro 
graphs, some martensite plates in the thicker 
sample appear slightly darker than the matrix 
The shadow micrographs show 


more difference with an indication of some pre 


in the center 
cipitation in occasional martensite plates in the 
k-in, specimen the 

graphs show that precipitation of very fine pai 


ticles actually 


However extraction micro 


has occurred in some martensite 


plates in both samples Such plates are consider 


Duplication of Quenched Structure by Tempering. Picral etch. 14,000 


at 600° | 1/32-In., 2 Sec 


Vic kers 


at 650° I 


393 





Fig. 6 — Minute Cementite “Straws” 


Formed on Q-Tempering. 50,000 


ably more common in the thicker sample which 
contains larger and more numerous particles. 
No precipitate was found near the more rapidly 
cooled surface of the thin specimen. The indi- 
vidual particles within the broad diagonal bands 
across both micrographs on the right may not be 
apparent because even the largest is only a few 
millionths of an inch in length. These particles, 
similar in shape to thin paper matches, are 
termed “straws” from their jumbled jackstraw 
appearance in the extraction micrographs. They 
have been identified by electron diffraction as 
cementite in these and many similar spec imens 
It should also be noted that the remainder of the 
martensitic matrix gives a mottled pattern, 

The microstructure and the hardness of the 


thicker 


nearly duplicated by a very brief (2-sec.) tem 


specimen of 1013 martensite can be 


pering at 600° F. of the thinner quenched section 
as shown in Fig, 5. The sample tempered briefly 
at 650° F 


partic les with scarcely any precipitation in the 


shows larger and more numerous 


mottled background. Thus it is clear that decreas 
ing hardness, and increasing alteration of the 


structure, with increasing thickness of low 


carbon martensite, are due to an unavoidable 
tempering during quenching 

This form of tempering we call quench tem 
pering, or, more briefly, QO tempering, since it 
occurs during the same quenching operation in 
which low-carbon martensite forms. It produces 
a mottling of the martensitic matrix and a fine 
precipitate of minute cementite straws in certain 


plates, as shown in Fig. 6. The extent to which 


()-tempering can occur depends both on the 
temperature at which martensite forms and its 
subsequent « ooling rate. By retarding the cooling 
rate during quenching of certain low-carbon, low 
alloy steels, we have increased the extent of Q 
tempered “straw” zones in the martensite to as 
much as 50%. Slower cooling rates of larger sec 
tions resulted in transformation products other 
than martensite. 

The straw-laden zones are believed to repre 
sent the first-formed martensite plates which 
Q-tempered to cementite platelets in supersatu 
rated ferrite. The mottled material from the sur 


rounding martensitic matrix gives no crystalline 


diffraction pattern so it might be regarded as 


carbon soot formed during etching. However, its 
characteristic micrographic pattern and the fact 
that it has not been found on etched retained 
austenite or high-carbon martensite, suggest that 
it may represent aggregates of pre-precipitation 
clusters of carbon, which form in the low-carbon 
martensite during quenching, and are caught on 
the extraction replica. It is not possible to resolve 
the individual clusters with present techniques 

Lowering the range of martensite formation by 
addition of alloying elements reduces the amount 
of Q-tempering for a given cooling rate; thus, for 
the same thickness, the extent of Q-tempering is 
less in 4315 than in 1013 martensite. There is no 
evidence of Q temper “straws” in a 1/32-in 
sample but only a mottled structure similar to the 
matrix of the corresponding 1013 sample, How 
ever, QO tempered straws do form in this steel if 


the cooling rate is sufficiently slow. This Q-tem 


Fig. 7 — Quench-T¢ mper and Applic d Te mper 
Softening of Low-Carbon Martensite in 1013 
450 


Vickers 


Measured Hardness 


400 800 


Tempering Temperature, °F. (1 Hr 


1200 


DECEMBER 1955; PAGE 115 











+ « 42 BLA” 





pering reaction has been observed in other low- 
carbon alloy steels and it seems certain that, 
except for extremely thin sections of high-alloy 
steels, this effect conditions the microstructure 
and the properties of low-carbon martensites. 
However, before discussing the dependence of 
some mechanical properties on Q-tempering, it 
will be helpful to examine the effects of deliberate 
or applied tempering by reheating these Q-tem- 
pered low-carbon martensites as shown in Fig. 7. 
The original difference in hardness, due to the 
relative amount of Q-tempering, is evident at the 
upper end of the curve. The extent of softening 
below 400° F. diminishes as the section thickens, 
and the original hardness difference almost dis- 
appears after a tempering treatment of | hr. at 
400° F, or above. We have found no appreciable 
change in the Q-tempered structure during a 
l-hr. temper at 212° F., and 1 hr. at 300° F, 
causes only slight growth of straw particles. 
However, there is considerable growth of straws 
and extent of the straw zones during 1-hr. treat- 
ment at 400° F. Although the mottled matrix did 
not change much in general appearance, a 
detailed examination of revealed 
the presence of an occasional stubby particle. 
After tempering at 450° F. 
the mottled regions contain 


these areas 








mentite. We have found no evidence for epsilon 
carbide formation during tempering of any of 
the low-carbon martensites investigated. 

Figure 8 summarizes and contrasts the mechan- 
ism of tempering of low-carbon steels and shows 
the basic differences. When high-carbon eutec- 
toid austenite is quenched, martensite forms in 
the relatively low temperature range of 400 to 
200° F. When this high-carbon martensite is re 
heated to successively higher temperatures, it 
decomposes first into epsilon carbide and second- 
ary martensite containing about 0.25% carbon. 
In the second stage, retained austenite transforms 
to bainite. In the third stage epsilon carbide dis- 
solves and cementite forms and the secondary 
martensite gradually becomes ferrite. 

The temperature ranges of the several stages 
are actually not sharply separated, as indicated 
for simplified handling, but overlap each other. 
As shown here they are based on | hr. at the 
tempering temperature Now, in contrast to the 
high-carbon sequence, when we quench low 
LO13 to 


about and is automatically 


carbon austenite, martensite 
at 870° F. 


()-tempered, This Q-tempering occurring in low- 


begins 
form 


carbon martensites during quenching appears to 











: , Low-Carbon Martensite - 1013 F Cc High-Carbon Martensite - 1087 
numerous particles, which 1 4004 \ nae ~~ 
are slightly broader and less __ Applied Tempering - | Hr. | —— any 2 ld tll 
match-like than the straws 700 
This change is found to be > /1200 | 2 
more pronounced after tem £ £ 

Seat “ies 2 | }600 | 2 
pering at 500° F., and at S| is 
ey ' ' ture e) 1c 
600° F, the mottled structure Pe } 1000 4 Coalescence and 
has been wholly replaced by Spheroidization + 500 { Spheroidization 
an aggregate of clustered of Cementite x M.-of of Cementite 
stubby particles Like the | SN 800 4 | 
straw particles, all of the EM, 400 | 
stubby particles were found NN | 
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, quw aus aueme au au» a= eM Second Stage 
that of platelet, or predoni- -<— > >= —— © ereceenedne memes aan ana 
" \ First Stage 400 +00 First Stage 
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Fig. 8— Comparison of Tempering Mechanism / \ 
of Low-Carbon and High-Carbon Martensites } \ 


Tempering stages for low-carbon martensite, at 
left: First Stage — Growth of Q-tempered cementite 
“straw” particles and appearances of new “straw” 
Zones. Second Stage — Transformation of retained 
austenite; negligible amount. Third Stage — General 
formation of cementite platelets 
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Tempering stages for high-carbon martensite 
right: First Stage 


at 
Formation of epsilon carbide and 


secondary 0.25% C martensite. Second Stage Trans 
formation of retained austenite. Third Stage — Dis 


solution of epsilon carbide; formation of cementite 


platelets; disappearance of secondary martensite 

















have a profound influence on the course of 
applied tempering up to about 600° F. 

(-tempering has nucleated cementite and no 
epsilon carbide is formed. In the first stage of 
applied tempering, the Q-tempered cementite 
straws grow and new straw zones appear. The 
extent of retained austenite is negligible so the 
second stage can be neglected, In the third stage, 
cementite platelets are formed throughout the 
()-tempered mottled matrix. 

When carbide-forming alloying elements are 
added to low-carbon steels, indirect evidence 
suggests that the Q-tempered straw zones may 
be the sites of cementite particles which become 
enriched in*alloy and remain relatively small 
even during prolonged tempering near the A, 
temperature. This characteristic may well ac- 
count, at least in part, for the easy weldability 
of such heat treated low-carbon steels, for these 
more stable carbide particles dissolve less rapidly 


during the extremely brief weld heating. 
Correlation With Mechanical Properties 


This interpretation of the microstructure of 
low-carbon martensites enables us to correlate 
those features with some salient characteristics of 
the mechanical properties. The extent of ferritic 
cementite straw zone formation during (J-temper 
ing, and its growth in the first stage of applied 
tempering, closely parallels the softening curve 
Thicker greater 


()-temper softening, and less impetus for addi- 


sections have a 


degree ot 


tional softening on applied tempering up to 
100° F. The disappearance of mottling during 
third-stage tempering at 450 to 550° F. corre 


sponds to the rapid softening of all sections, 

The high notch-toughness of low-carbon mar- 
tensites is believed to be a consequence of 
()-tempering of the martensitic matrix, evident 
in the mottled structure. On this basis, the rela- 
tive changes of notch toughness on applied tem- 
pering up to 400° F. are associated with still 
invisible changes in the mottled matrix. 

Above 400° F. the story changes. Just as the 
incipient stage of general cementite formation is 
associated with diminished notch toughness in 
higher carbon martensites, so it is in these low- 
carbon martensites. When reheated in this 500 to 
600° F. range, the third stage of tempering 
namely, formation of cementite platelets — be- 
comes detectable throughout the matrix and 
mottling disappears. These two circumstances 
may well set the stage for decreased resistance to 
plastic flow and increased susceptibility to crack 
formation and propagation 


One more set of unusual characteristics in 
mechanical properties remains for correlation. 
The very marked rise in yield strength or flow 
resistance observed in low-carbon martensites 
without significant change in tensile strength on 
tempering at 400° F., has commonly been asso 
ciated with relief of internal stresses. However, 
yield stress is very structure-sensitive; that is, its 
value is greatly affected by the presence of 
foreign atoms, precipitates, and grain boundaries 
because these obstruct the movement of imper 
fections or dislocations through each grain under 
applied load. 

If the mottling of the Q-tempered martensitic 
matrix represents a very early stage of precipita 
tion in which aggregates of atom clusters are 
beginning to form, then a low applied tempering 
as in the first-stage zone, may promote this aggre 
gation and obstruct slip more effectively, When 
such a structure is subjected to increasing applied 
load, the free movement of dislocations along 
favored slip planes in the lattice is obstructed 
successively by these atom cluster aggregates, so 
the vield stress 1S raised and no sudden yielding 
This significant 
change in ductility or tensile strength, each of 


occurs does not entail any 
which is measured after severe plastic deforma 
tion has taken place. 

With further tempering, as in the third-stage 
zone, coalescence of the clustered aggregates 
leading to the general formation of detectable 
cementite platelets throughout the matrix, will 
increase the mean free path for unobstructed 
dislocation movements so much that flow resist 


ance will begin to fall 


Other Examples of Low-Carbon 
Alloy Martensites 


Although we have emphasized the 1013 mas 
tensite this survey would be like a Gallup presi 
dential poll confined to Maine, if we did not men 
tion briefly a few of the many other low-carbon 
martensites which are far more prominent 

Constructional Alloy Steels — Several low-car 
bon steels with multiple alloying elements total 
ing less than 3% have recently been deve loped for 
use in the tempered martensitic condition with 
yield strengths approximating 100,000 psi. They 
are characterized by ready formability and weld 
ability, and by high notch-toughness at any 
ambient temperature, Outstanding toughness has 
been reported in one of these steels tested as a 
restrained weldment at low temperature. Full 
SC ale tests of pressure ve ssels made of another of 

(Continued on p, 154 
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Vacuum Melted Metal- 
An Interim Report 


By FRANK T. CHESNUT* 


Vacuum melting can give cleaner metal and can control elements 
like aluminum and titanium added for precipitation hardening. 
The extra cost is justified for gas turbine blades and 

specialty applications, but as yet there is little consumption of 
vacuum melted alloy steels for conventional purposes. (C 25, D 8) 


A, rHE VERY Outset an attempt was made 
to determine the present industrial uses of parts 
made from vacuum melted metal, and it was 
immediately apparent that these were not as 
numerous as the rash of recent notices in the 
technical and business press would indicate. 
Much experimentation was under way, but the 
consensus seemed to be that actual requirements 
of most parts could still be met by careful design 
and fabrication of alloys melted by more conven 
tional methods, even though these same metal- 
lurgists did not argue that vacuum melted metals 
exhibited better physical properties when eval 
uated by the standard laboratory tests than the 
same nominal analysis melted under slag in open 
air. Economics rears its ugly head. 

It was learned, as was expected, that vacuum 
metal was in use for making watch springs, X-ray 
and vacuum tube parts, magnetic alloys, met: ils 
for the atomic and jet engine programs, the 
production of titanium and molybdenum ingots 
and castings, the purification of germanium and 
silicon for transistors, the melting of metals for 


*Electrica! Engineer, Ajax Electrothermic Corp., 
Trenton, N. J. This is a portion of a paper read by 
Mr. Chesnut at the National Metal Congress meet- 
ing on Oct. 18, 1955, sponsored by the Industrial 
Heating Equipment Assoc. Matter in brackets has 
been inserted by the Editor — principally derived 
from the @ Conference on Vacuum Melted Metals 
held the previous day, 


{For the most part, “vacuum melted” metal means 
melting in crucibles wherein heat is supplied by 
induced electric currents. Are melting into a cold 
crucible, the ordinary process for titanium, which 
has its own good and bad points, is not implied. 
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vaporization coatings, the simple outgassing of 
bronzes and aluminum alloys (and in Europe 
even large tonnage lots of steel melted in conven- 
tional ways) and finally for the sintering and 
hot pressing of carbides. 

However, vacuum melted metals are appar- 
ently not now in production for ball bearings 
valve springs, gas engines, power plants, chem- 
ical vessels, tools, stainless steel rolls whose sur- 
faces must be free from flaws, molding dies, and 
corrosion resisting assemblies. Typical were com- 
maker that his 


vacuum melted metals 


ments from a large automobile 
company “does not use 
at the present time” but that research work 

in progress; or from another prominent manu 
facturer that: “We 


erable 


ire in the process of consid- 
testing of vacuum melted steel in ball 
bearings, but, unfortunately, do not have any 
material which we could release at the present 


time. We are not using vacuum furnaces.” 
Reports by Users 


A prominent maker of aircraft engines re 
been a lot of 


rumors and opinions regarding the 


ported “There have, of course 
virtues of 
metals which have been melted and cast under 
high vacuum.+ It is my opinion that both sides 
of the argument require a good deal of consider- 
ation, but I do not think that we are in 


to make definite conclusions. Our greatest experi 


a position 


ence has been with turbine blade material, and 
it has been demonstrated beyond question that 
Waspaloy blades forged from rather small ingots 

vacuum melted and cast, have higher rupture life, 


are more uniform and perform better in engines 











]-47 Turbojet Engine 


than any previously prepared by conventional 
melting, and all of our Waspaloy turbine blades 
are so made, Metals with titanium as an alloying 
element can be melted under high vacuum and 
be freer from contamination than if melted by 
conventional practice, but I am not at all sur 
that pure metals cannot be melted under argon 
or helium and be just as good 

"We are also evaluating vacuum melted steels 
for antifriction bearings. There have been some 
premature failures. It is my opinion that the low 
alloy steels can be melted in air or spec ial atmos 
phere and be just as clean as those melted undes 


vacuum, and that steel make 


companies will 
every effort to do so 

“Some of the big problems have to do with 
ingot practice 


Hence, the 


vacuum melts are not so clear-cut when making 


just as with air melted materials 


improvements associated with small 


large ingots. In short, the segregation problem 
is not eliminated 

“I believe the most important use of vacuum 
melting today is in the titanium industry where 
most producer are with 


melting consumable 


electrodes in a vacuum. This is the only way of 
assuring low hydrogen in the product.’ 
\ make ot aircratt 


wrote, “Melting any given alloy in a vacuum does 


automotive and parts 


not assure a miraculous increase in physical 


prope rties. For certain alloys and certain prop 


ertie improvement 1S possible but only when 





‘ourtesy General Electric Ci 


used Wie have i li nited 
stress rupture tests 


proper technique S are 
amount of 
ture alloy: 


on high-te mpera 


melted in vacuum, which show a 
large scatter. Since the analyses ar¢ comparable 
the differences attributed to difference 


in the melting procedures I doubt if this point 


Cah be 


is generally recognized.” 

\ chemical consultant sees promise in vacuum 
melted metals for pressure ve els, roll 
for the manufacture of plastic: 


and clic 
and the like il 


laboratory data can be substantiated in actual 


large-scale produc tion 
Current Problems 


The sé 


melted metals can have 


quotations seem to agree that vacuum 
uperior cqualitic but 
commercial use de pe nas upon the ability of the 


steelmake 


each alloy 


to work out melting techniques for 


Costs also cannot be neglected, Even 


then, substantial use may have to wait until the 
use! perfects hi product to the point vhere 
vacuum melted metals are necessary and hi 


prices can be adjusted to include the extra cost 
of his raw material. This day may not be too 


far off 


engines has had its design 


om high-temperature alloy used in jet 
pecific ations revised 
upward four times in the past year, due almost 
entirely to knowledge gained by 
ind the 


Producers have been working 


icuum melting 


yrocessing of the superior metal 
| | 


under i handi 


hec 1tise the 


cap especially of late demand for 
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Fig. 1 — Stress-Rupture Tests (Wrought Round Bars) 
of Waspaloy at 32,500 Psi. and 1500° F., Show- 
ing Variation Depending Upon Furnace Practice 


refined metal has been limited in volume, and it 
has been necessary either to study only one or 
two alloys most in demand, or to go into exten 
sive research on the techniques most desirable 
for all the interesting alloys. A well-equipped 
laboratory and a sizable amount of money are 
necessary before any return can be expected. 
As one producer put it, “Only after we have 
made ten carefully documented melts of a given 
alloy can we accept orders with the expectation 
of meeting specifications 

Another problem is competition, Suppose that 
the Government needs a large quantity of 
vacuum melted metals for the jet engine program 
and is willing to subsidize one or more producers, 
either existing or prospective. Acceptance specifi- 
cations must be sufficiently high to gain the 
desired metal, but not so high as to discourage 
industrialists. Perhaps the specified alloy can be 
made by careful air or inert-atmosphere melting 
or perhaps by vacuum induction or even by 
vacuum arc. The firm which originally installs 
vacuum induction melting equipment may find 
itself crowded out, as production grows, by 
others using the vacuum are melting process 
or vice versa. There is no assurance, cither, that 
specifications will not change as demand and use 
grow, or that other alloys will not be found to 
Although most of the 
high-temperature alloys that are now melted in 


meet the requirements 


vacuum use an induction coil as heating element 
this may not always be true. It is entirely possible 
that a closely tailored analysis made in an ordi- 
nary induction furnace may be cast into con 
sumable electrodes and then degasified by. re 
melting in an automatic vacuum arc furnace, 
The final alloy might then have all the advan- 
tages of metal melted in a cold crucible, and 
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still retain the homogeneity and close analysis 
given by initial melting in an induction furnace. 

The present writer cannot draw any definite 
comparison between vacuum induction melted 
metals and vacuum arc melted metals. The two 
processes are not now competitive, since vacuum 
arc melting is limited to the titanium, molyb- 
denum and similar reactive metals and thei 


alloys, for which suitable refractories have not 


yet been found. The more complex alloys which 


can be retained in commercial refractories are 
generally melted in the vacuum induction fur 
nace; these include the high-temperature analyses 
for the jet engine program, and considerabk 
information is available from their producers 
which number possibly 30 or 40, either active o1 
prospective They consequently offer the best 
basis for discussing the production methods and 


the physical qualities of the metals. 
Jet Engine Blades 


Waspaloy —- Utica Drop Forge & Tool Corp 
has melted 500,000 Ib. of high temperature alloys 
in vacuum and produced forgings therefrom in 
the last 30 months. The major production is 
Waspaloy (Table 1), although M-252, Nimonic 
90 and the firm’s new alloy, Udimet 500, have 
been made commercially, Most of the output has 
been for the jet engine program, but some has 
gone elsewhere in pilot lots for further study 
100-kw., 300-lb. furnaces 
made by Ajax and two 300-kw., 1000-Ib. furnaces 
made by The vacuum equipment for 
the Utica furnaces was made by Stokes 


Utica operates two 
Tocco 


| Experience indicates that the process does 
not automatically insure a superior product. The 
mechanism must be in perfect condition, the 
crucibles prepared with meticulous care, th 
furnace crew trained to laboratory precision and 
that is 


a large 


in absolute discipline. Furnace practice 
detailed procedure during melting — is 
factor in the success, After such conditions have 
been achieved, Utica finds it can make as good 
metal now in 1000-Ib. heats as formerly in 300 

and easier. ... The furnaces absorb much circu 
lating scrap from forge and machine shop. Satis 
factory Waspaloy heats have been made with 704% 
scrap. There is especially good control of th 
reactive metals titanium and aluminum. For 
example in 200 consecutive heats, 23 analyzed 
2.9% Ti, 140 analyzed the desired 3.0%, 28 ana 
lyzed 3.1%, and 9 were high or low. Aluminum 
in these heats was consistently between 1.15 
and 1.35, and 20 were high or low. Furthermore 


the resulting metal is notably free from aluminum 





Table I- 


and titanium oxides, so 


Nominal Analyses of High-Temperature Alloys 





all of these metals are 


useful in the precipita- ELEMENT 


tion hardening action . . . Carbon 
As to gases: Hydrogen Manganese 
’ Sulphur 
Silicon 
Chromium 
Cobalt | 
Molybdenum 


Titanium 


is almost entirely elimi- 


nated; nitrogen is re- 
but 
oxygen as oxide in the 
original metal remains, 
even though vacuum at 
the end is 3 to 5 x.) 


The staff at Utica 


duced somewhat, 


Aluminum 
Iron 
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stresses the fact that *Tungsten 


the physical properties 
(laboratory tests) of vacuum melted alloys 
may vary considerably depending upon the 
melting technique, or even vary between ingots 
poured successively from the same melt. By find- 
ing an optimum analysis and technique and 
painstakingly sticking to it, superior metal can 
be made. The curves of Fig. 1 bear this out 

| Waspaloy is also made by vacuum are melting 
by Allegheny Ludlum Steel Corp. and Universal 
9 


Cyclops Steel Corp. Figure 2 compares 100-hr 
stress-rupture strengths of the two varieties as 
made at present. Stress-rupture specification of 
23 hr. at 32,500 psi. and 1500° F. was rather hard 
to meet at the beginning, but the first serious 
trouble was with the blades in engine tests, 
wherein brittle-type failures occurred in coarse- 
grained areas of blades operating at about 
1350° F. This was cured by revising the forging 
process, enforcing a grain size specification, and 
instituting a very long heat treatment: solution 
heat treatment, 4 hr. at 1975° F.; stabilization, 
24 hr. at 1550” F.; prior-to-precipitation heating, 
16 hr. at 1400° F.; final grind and polish; stress 
relieve 16 hr. at 1500° F. . . . These blades oper- 
ated so well that thrust on the engine -was 


“79K 


increased to 7250 lb., with corresponding in- 
crease in airfoil temperature, whereupon some 
blades failed by incipient stress-rupture cracking 
in the zone operating at 1600° F. Some of these 
brittle blades were then remelted in vacuo, and 
new blades forged from 6-lb. ingots. There was 
no discernible change in gas content or micro- 
structure (although manganese was lowered 

and, much more important, titanium can be in- 
to 3.0%) yet stress-rupture life 
increased 50% and rupture ductility 100%. 
Some 43,000 blades have been made for Pratt 


& Whitney Aircraft from vacuum melted ingots, 


creased was 


and they have been extensively tested in com- 


parison with blades from metal induction melted 


tCopper less than 0.20% 


in air. Vacuum melting, as shown in Fig. 2, gives 
higher stress-rupture tests and results fall within 
a narrower scatter band. The 1350 and the 1600° 
F. “embrittlement” has been eliminated. Stress- 
rupture elongation, formerly 5%, is now 15% 
valuable cushion against sudden fracture. 


a 


The crux of the matter is engine testing. In this 
respect, blades from vacuum melted metals have 
had at of 
performance. | 
M-252 and 1570 


Electric Co 


considerable high levels 


success 
Carboloy Dept. of General 
has released some information on 
two of its high-temperature alloys, M-252 and 


1570, vacuum melted, whose nominal composi 
tion is shown in Table I 


Stress-to-rupture 

at 100 hr. at 1500° F 
Stress-to-rupture 

at 1000 hr. at 1500° F 
Fatigue strength 

at 10° cycles 
Tensile strength at 1500° F 
Elongation 


34,000 psi. 33,000 


18.000 psi 94.000 


45,000 psi.* 48,000 
91,000 psi. 82,000 
16% 14% 


* 40,500 when air melted. 


A feature stressed by Carboloy is this; Of a 
1000-Ib. ingot of M-252, air melted, only 550 Ib. 
can be forged, whereas 700 lb. can be forged from 
a vacuum melted ingot. Whereas only 300 of the 
450 lb .of generated scrap can be re-absorbed in 
subsequent melts from the air melted ingot, the 
full amount of vacuum melted scrap can be 
recharged. 

[In fixing the correct shop practices, many 
ingots are forged into jet engine buckets and 
completely finished, each item being carefully 
inspected at each stage. Defects are judged as to 
severity on an arbitrary scale. Air melted M-252 
buckets rated 78/166 in frequency/severity of 
defects, buckets rated 
33/66. Microscopic examination of the former 


while vacuum melted 
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showed many inclusions of titanium carbo-nitride 
associated with upsetting cracks and surface 
flaws in the finished forging. The latter could be 
ground out, but vacuum melting reduced greatly 
this necessity. Room-temperature ductility in 
tensile tests is also greatly improved, values for 
elongation being 10% air melted and 15% vacuum 
melted, and reduction of area being 11% air 
melted and 16% vacuum melted. Finally, the 
scatter band of test results is narrower and 
acceptance requirements can be more rigid. | 
[R-235 is made by Haynes Stellite Co. in a 
650-Ib. furnace producing 450 to 500-Ib. heats 
on a 3%-hr. melting cycle. Many heats made of 
all virgin metal have been compared with those 
made with 50% scrap and with all-scrap heats 
and no significant differences found. At melt 
down the vacuum is about 130 microns, and thin 
patches of slag float on the surface, This is prin- 
cipally titanium nitride which dissociates within 
30 min. as the pressure is reduced to 7 microns 
some oxide is also reduced by carbon in the 
metal, the nitrogen and CO being pumped off 
Possibly a little magnesia in the crucible is also 
reduced by carbon, the magnesium also vaporiz- 
ing. In fact, after several dozen runs the interior 
of the furnace enclosure was cleaned and the 
scrapings examined Some 
strange metals like gallium appeared, undoubt- 
edly derived from the melting stock where they 
existed in amounts too small for analytical detec- 


spectroscopically. 


tion, but possibly large enough to influence 
physical properties and utility of critical parts, 
... Air melted ingots show perhaps 30 inclusions 
on a slice at mid-section; in vacuum melted ingots 
the number is three or four and they are very 


Fig. 2 — Scatter Bands of Stress-Rupture 
Tests on Two Wrought Turbine Blade 
Alloys and Two Methods of Melting 
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Fig. 3 —Log-Log Plot Showing Cycles to 
Rupture in Standard Fatigue Test of 52100 


Basic Electric Versus Vacuum Melted 


much smaller. This is one factor in improving hot 
workability to where sheet can be rolled without 
ruinous edge cracking. (It is a general observa 
tion that vacuum melting improves hot working 
characteristics.) Such sheet also, being prac 
tically free from harmful inclusions, gives as good 


stress-rupture tests as bar samples. | 
Magnetic Alloys 


Work at Naval Ordnance Laboratory at White 
Oak, Md., on high aluminum-iron alloys is worthy 
of mention. Short of nickel during the War, the 
Japanese made satisfactory magnetic materials 
of 12 to 14% aluminum (“Alfer’) for magneto- 
strictive devices and of 14 to 16% aluminurn 
(“Alperm” ) for magnetic laminations. They were 
induction-furnace melted and the total yield 
was anywhere from 30 to 50%, depending largely 
on chance. The alloys were extremely brittle and 
most of the loss occurred during hot and cold 
rolling operations. 

The Naval Ordnance Laboratory, working on 
alloys of 16% aluminum, balance iron (“Alfenol” ) 
and 16% aluminum, 3% molybdenum and balance 
iron (“Thermenol”), found that hot and cold 
shortness could be largely overcome by melting 
in low vacuum and controlled atmosphere. An 
Ajax vacuum furnace was used, 

The iron, aluminum and molybdenum are of 
high purity to start. The iron is charged into the 
furnace and pressure is reduced to around 0.2 cm. 
As the iron melts, gas is given off and the pres 
sure rises to 0.5 or 1.0 cm. The iron is then 
decarburized for 30 min. under wet hydrogen 
and deoxidized for another half hour with dry 
hydrogen. The furnace is then purged with pure 
dry helium and pumped down to about 2.5 mm 
pressure to remove dissolved hydrogen. The sys 
tem is then refilled with helium, aluminum is 
added, temperature adjusted to 1650° C. (3000° 
F.) and cast. 





Alfenol is a substitute for high-permeability 
magnetic materials containing large amounts of 
strategic nickel or cobalt. Thermenol, substan- 
tially the same composition plus 3% Mo, has 
exceptional high-temperature qualities and looks 
very good for such uses as resistance heating 
elements, for hot spots in aircraft replacing 
certain grades of stainless steel, jet engine parts, 
and magnetic tape. 


Antifriction Bearings 


Vacuum Metals Corp. of Syracuse (jointly 
owned by Crucible Steel Co. of America and 
National Research Corp.) operates 200-kw., 650- 
lb. and 300-lb. vacuum induction furnaces. A 
2500-lb. furnace is soon to’ go into operation. 
Experience indicates that it is easier, in fact, to 
control the 650-lb. furnace than the small one. 
For example, chromium in 52100 is held between 
1.43 and 1.55%. The largest tonnage is in steels 
used for heavily loaded bearings and for instru- 
ment bearings. Most production is of the 52100 
steels (1% C, 1.50% Cr); some 51100 (1% C, 1% Cr) 
When 


vacuum melted steels are made into heavily 


and high speed toolsteels are made 


loaded bearings and tested for endurance, the 
scatter of results, particularly on the lower side 


of the band, is lessened, thus greatly decreasing 


the chance of premature failure. Carboloy also 
reports that bearings made of 52100, vacuum 
melted, show a four-fold increase in service life. 
instruments the 
surface finish is extremely important. Inspection 


In antifriction bearings for 


rejections for surface imperfections caused by 
inclusions are virtually eliminated 

[It has long been known that when 52100 steel 
containing many inclusions is made into ball or 
roller bearings, it will have low life under test. 
The same steel with average inclusions will have 
the expected life, and exceptionally clean steel 
will give long-lived bearings under’ test. For this 
reason the number and size of inclusions have 
been specified. Other than to acknowledge that 
vacuum melted steel is consistently clean, and 
has superior endurance in standard laboratory 
tests (Fig. 3) manufacturers of bearings are 
hesitant to ascribe unusual virtues to the metal. 
Present premiums for vacuum melted 52100 in 
bars or rods are at least 50% over conventionally 
made steel, even on large orders, and a large 
premium is bound to remain. This will be a ruling 
factor in the highly competitive field of bearings 
for all types of machinery except where long 
performance at maximum load outweighs every- 
thing else. | 


Economics 


Universal-Cyclops Steel Corp. points out that 
the economics of vacuum melting will not be 
clear for some time. (This firm operates on 
specially built 350-kw., 1000-Ib. semicontinuous 
furnace, and one 100-kw., 50-lb. furnace of more 
conventional design. Its experience, through key 
personnel, dates back to 1946.) 


metals of each class have been melted for a 


Insufficient 


complete economic picture. This company be 
lieves some alloys can eventually be melted in 
vacuum at prices comparable to conventional 
melting, balancing higher furnace costs against 
a better yield of good metal and less slagging of 
valuable addition elements. However, Universal 
Cyclops suggests that vacuum melted alloys 
might very generally be priced at $1.00 per Ib 
over conventionally melted alloy, with a mini 
mum price of $2.50 per Ib. Others think this 
price too low and suggest an extra of about 
$1.50. But this is just a very 


Quotations will vary widely depending upon the 


general figure 


alloy, the background of knowledge in making 
it, and the quantity involved 

[An estimate of future expectancy for tonnage 
production can be made from a curve parallel 
to one showing growth of electric furnace steel 
Induction vacuum melting started in 1945; five 
years later 30 tons were so made; in 1955 produc 
tion will be about 700 tons. Planned capacity as 
of 1957 will be 7000 tons. Extrapolating from 
these meager data gives a Yankee guess of 70,000 
tons of vacuum melted steel and high alloy 
and a hopeful prediction that it should be 1% 
of the total steel production by 1970.] 


Conclusion 


This then is the status of vacuum melting. For 
some alloys it is essential and required and 
present use is expanding. Alloys of vastly superior 
high-temperature and corrosion resisting qual 
ities have been made, and their physical charac 
teristics have been proven and documented, They 
are being used widely in certain restricted and 
subsidized applications. Production capacity at 
the moment exceeds demand, and peacetime 
industry has not yet contracted for sizable ton 
nages. Perhaps metallurgy is ahead of industry 
and must while 


pause industry 


catches up 
Perhaps, as the jet age and atomics spill over 
into private industry, vacuum metals will be in 
high demand. Perhaps, with improved processing 
and lower cost, vacuum melted metals will usher 


in the gas turbine for automobiles oe 
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Welding Engineers 


Consider Many Topics 
of the Times 


Reported by DAN WHITE* 


A gamut of questions regarding efficient welding was discussed, 
ranging from oxy-acetylene welding of aluminum to resistance welding 
of titanium and from manufacture of high-pressure equipment 

to automation of cylinder manufacture. (K general) 


A THREE-RING Cincus is a weak simile for 
the National Metal Congress and Exposition, 
Even though this correspondent was asked to 
report the doings of the American Welding So- 
ciety, there were usually about five things for him 
to choose from — one of three technical sessions, 
an inspection trip, or the exhibits at the Exposi 
tion Hall, to say nothing of district meetings, 
luncheons and ten committee meetings. One 
could go from 9:30 in the morning until 10:30 at 
night and still miss the most of it! As always, the 
cloakroom gossip and off-the-cuff discussions with 
friends solved many a knotty problem. Further- 
more, the 62 scheduled papers were largely de- 
voted to welding processes and applications 

Automation is a subject which must appear in 
any well-regulated discussion. Automation of 
metal manufacture will undoubtedly lean heavily 
on the various fusion welding processes. The 
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designer of such a system must select the process 
best suited, and the machinery for its correct 
application to a given product. The various ar 
welding processes can be analyzed in respect to 
their salient features and their respective limita 
tions, particularly as to physical properties of the 
weld, economics, and the degree to which each 
process itself may be fitted into the full automa- 
tion of a production line. Automation welding 
whether it be inert-gas metal-arc, inert-gas 
tungsten-arc, or submerged-arc, should be ad- 
mirably suited, One example described at this 
meeting is a completely automatic machine with 
an arc that jumps from one cylinder to another as 
the parts are indexed. Each piece is rotated 
during welding. 

Shielding of hot metal as it is transferred from 


electrode or rod into the joint is no new subject 


*Engineering Consultant, Lakewood, Ohio 





but the amount of attention still being given to 
this problem by students of welding is evidence 


that it has not yet been satisfactorily solved for 
all metals and needs. Most recently carbon di- 


oxide has been proposed as a shielding gas. The 
idea is now going through a period of develop- 
ment and standardization. Papers were presented 
concerning moisture in the gas, electrode charac- 
teristics for rimmed and semikilled steel, and new 
equipment designed especially for this process 
Progress in what might be thought of as the 
matured art of submerged-arc welding was 
shown by comparing the numerous applications 
and techniques. New agglomerated fluxes have 
been devised containing various alloys. By mixing 
these in the proper combination, a flux can be 
created to produce alloy deposits with wide 
ranges of chemical and physical properties. Their 
advantages are the ability to meet any job re 
quirement and availability economically and 
quickly in either large or small quantities. 
Welding Rods 
shown in new welding rods. A special rod to weld 
“Carilloy-T-1” steel, described in “Critical Points” 
in Metal Progress for September 1954, with im 


Very active interest was 


proved low-temperature impact resistance in the 
stress-relieved condition produced a lively dis 
cussion about the evaluation of this type of data 
American development of low-hydrogen ele« 
trodes containing large quantities of iron powder 
in the coatings is about one year behind the use 
of coatings containing rutile and iron oxide. Some 
brands are now on the market. Perhaps the 
greatest single advantage of this type over con 
ventional electrodes is their ability to lay down 
metal into the joint at increasing rates. The 
coatings cost more, but not as much as you save 
in welder’s labor 
Projection Welding — An extensive program of 


developing schedules for welding projection 
“hardware” to low-carbon steel has recently been 
completed, Welding of typical items such as pilot 
nuts, brackets, angles, bolts, spacers, pins, and 
T-nuts was fully covered in the test. Sheet and 
plate thicknesses to which the items are welded 


range from 0.032 to 0.250 in. inclusive 
Brittle Failures 


In the sessions on weldability and research 
special attention was given to the cause and 
prevention of cracks and tears. 

Failures of oil storage tanks led to efforts to 
simulate such failures in the laboratory in tests of 
plates of full thickness. Preliminary studies with 
plates up to 6 ft. wide indicated that below a 


certain temperature the stress required to sustain 
a moving crack, even in a very large structure 
subjected to a small stress transient at a defect 
is of the order of 10,000 psi. A procedure was 
devised to determine the brittle temperature at 
18,000 psi., and comparisons were made of a 
number of plates from different heats of steel in 
several grades. It was established that this brittle 
temperature agreed with the temperature at 
which the V-notch Charpy impact test yields 15 
ft-lb. in ordinary plate steels, and 30 ft-lb. in 
steels It 
would thus appear that the Charpy test may be 


low-carbon, high-manganese plate 
used to evaluate the “transition” temperature 
above which the plate is “tough” and below 
which the plate is “brittle”. Steelmaking practice 
has some effect on this temperature, For a given 
practice the most important variable is the carbon 
content; the effects of other elements including 
manganese are apparently quite minor at the 
same strength level. 

Fatigue tests on welded joints indicate that all 
of the low-alloy steels are extremely sensitive to 
the presence of notches under alternating loads 
No welded joint under test was proportionately 
A-7 steels* in 


proportion to their increased yield strength over 


stronger in fatigue than ordinary 


the specified 33,000 psi. for plain carbon struc 
tural steel. 

It has become customary to recommend the 
preheating of higher carbon and alloy steels, or 
post-heating, or stress-relief of weldments. Pre 
heating serves mainly to mitigate stresses origi 
nating from the thermal shock of the arc. The 
secondary function is to minimize notch sensi 
tivity or to increase ductility of the metal joined 
on the assumption that it might not be in the 
optimum annealed condition. A high cooling rate 
from the welding operation leads to the formation 
of martensite and a highly stressed weldment 
The rate of cooling may vary within rather wide 
limits. Low-carbon steel may have a martensiti 
structure at spot welds, but this is much less 
likely to happen to large sections where the dwell 
of the current is longer, or where multi-beads are 
required. If the whole metal at and alongside the 
joint is preheated above the Ms temperature 
where martensite starts to form, then the highly 
heated zone at the weld will cool rapidly to the 
preheat temperature but no martensite will form 
On subsequent cooling martensite formation will 
be retarded. This is not as good practice as it may 
appear, because the austenite formed at the hot 


*American Society for Testing Materials specifi 
cation A-7 for steel for bridges and buildings 
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weld in alloy steel may be partially retained on 
cooling, then transform to martensite on subse- 
quent stress-relieving. 

The welding electrodes commonly used for 
mild steel have greater notch toughness than the 
structural mild steels. They have a transition 
temperature at around 60° F. and should not be 
used for severe service at frigid temperatures. 
Crack-starter tests have demonstrated the feasi- 
bility of using highly notch-tough welds ( ferritic 
and austenitic) to stop the propagation of cracks 
in such structural mild steels. Simple bead-on- 
plate welds of notch-tough weld metals are effec- 
tive in stopping cracks even under dynamic loads. 
An ordinary structural plate will fragment in 
crack-starter tests at zero to 40° F., but in similar 
tests plates having a ring-like overlay of notch- 
tough weld metal remained intact. The fractures 
run from the crack-starter to the overlay and are 
stopped there. 


Various Metals 


Cast Iron — Weldability of both gray and nod- 
ular cast iron is evaluated by a new type of 
grooved test block. This is used to compare weld- 
ing techniques, processes, and filler materials. 
The data are most useful to those also who repair 
iron castings, although they can also be applied 
to fabrication welding of castings. 

This evaluation of weld processes produced 
some startling results. Some comfortable assump- 
tions about the welding of cast iron have been 
abandoned, and welders are finding that certain 
problems believed to have been solved have 
merely been ignored. 

Stainless Steel —In the welding of stainless 
steel, some progress has been made in under- 
standing and eliminating cracks near and in the 
welds. This whole problem is complicated by one 
unique requirement, namely, that corrosion re- 
sistance of the joint or the base metal must not be 
harmed by the fabrication method. Simple weld- 
ing tests evaluated cracking propensities of weld 
and base metal for various heats and forgings of 
Type 347 (columbium-stabilized 18-8) and Type 
304 (plain 18-8) stainless steels. Seemingly hot 
cracks develop in the base metal by the liquation 
of fusible grain-boundary segregates. They im- 
pose high strain concentrations upon the solidi- 
fying weld metal and promote the extension of 
these cracks into the base metal. 


There is a considerable difference of opinion 
about the correct nature of the weld metal — 
should it be fully austenitic or should it have a 
considerable fraction of alpha? 
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Presence of primary ferrite in the weld metal is 
supposed to reduce the notch sensitivity, or the 
extension of cracks, and one speaker described a 
series of tests on welds involving different base 
metals and electrodes with increasing amounts of 
ferrite. The results indicated that the more highly 
austenitic base materials require electrodes with 
higher ferrite to supress the extension of cracks 
from weld notches. 

Aluminum — The competition between various 
welding processes for aluminum alloys has re- 
sulted in some unexpected observations. One air- 
craft manufacturer reports that oxy-acetylene 
welding of aluminum alloys seems to be generally 
superior to oxy-hydrogen welding, in both quality 
and economy. There are also indications that it is 
often superior to inert-gas welding at least for the 
light gages used in aircraft. 

Another aircraft man proceeded to show that 
there is a good opportunity to improve inert-gas 
welding, since the composition of the shielding 
gas used for consumable-electrode and tungsten 
are welding has a pronounced effect on ease of 
welding, porosity in the welds, susceptibility to 
hot-short cracking during welding and costs. In 
his opinion the best gas mixture is one containing 
about 65% helium and 35% argon. Fast wetting of 
the base metal by the filler metal, a feature that is 
characteristic of welds made in helium, results 
from this mixture, together with the good ar« 
stability and freedom from spatter that is charac 
teristic of welds made in argon. 

There has long been a need for a method of 
welding aluminum to copper particularly for 
busbar applications. Such joints made by the 
inert-gas metal-arc process are satisfactory when 
the surfaces to be welded are properly prepared. 

Molybdenum — The specific deleterious effects 
of oxygen in the welding atmosphere have been 
established with respect to hot weld bead crack 
ing, and the brittle-to-ductile transition tempera 
ture of the joints in molybdenum. Changes in the 
brittle failure temperature and the stresses at 
which failures occur are related to the oxygen 
content of the inert-gas welding atmosphere and 
therefore of the weld metal. Rules were presented 
for controlling the welding atmosphere for welds 
having maximum grain size for usable ductility 

Titanium — Advances in electronic controls for 
resistance welding machines have enabled weld- 
ing engineers to develop a welding schedule for 
titanium using critical preheat, weld, and post 
heat times and currents. As a result an extremely 
ductile spot weld can be made in commercially 


pure titanium oe 





This is the cell room in ELecrrnomet’s new electrolytic manganese plant at Marietta, Ohio. 


Now Available! “ELECTROMET”’ 


Trade-Mark 


ELECTROLYTIC MANGANESE 99.9% pure 


For all uses where a high-purity 


manganese is required... 


ELECTROMET's process for making electrolytic man- 
ganese produces high-purity metal with a minimum 
of 99.9 per cent manganese. This material is well 
suited for al! uses where high-purity manganese is 
required, as in the production of low-carbon stainless 
steels, high-temperature alloys, non-ferrous alloys, 


and electrical resistance alloys. 


Nitrogen-Bearing Electrolytic Manganese A nitrided 
electrolytic manganese, containing about 6 per cent 
nitrogen and 93 per cent manganese, is also avail- 


able for metallurgical uses from ELECTROMET. 


s a registered trade-mark of Union 


rporation 


' 


_———— 


Specifications of ELECTROMET Electrolytic Manganese 
Analysis: Manganese 99.9% min. (on metallic basis 
Nitrogen-bearing Grade-—approx. 93% manganese 
approx. 6"- nitrogen 


Dehydrogenated material is available 


Packaging: Usually packed in steel drums holding 500 
lb. of material. Smaller packages available at small 


premium 


For further information about E._ectrnomert electro 
lytic manganese metal, and other ELectnomet ferro 
alloys and metals, please contact the nearest 
ELectromet office listed below 


ELECTRO METALLURGICAL COMPANY 


A Division of Union Carbide and Carbon Corporation 
90 East 42nd Street [dg New York 17, N. ¥ 
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Personal Mention__ 





Robert M. Brick 


Rosent M, Brick @, former direc 
tor of the school of metallurgical 
engineering at the University of 
Pennsylvania, has been appointed 
director of the department of metal 
lurgy in the central research and 
engineering division of Continental 
Can Co., New York, Dr. Brick is a 
consultant to the Frankford Arsenal 
of the U. S. Army and to the U. § 
Atomic Energy Commission's instal 
lations, and a former consultant to 
the Oak Ridge National Laboratory 
Oak Ridge, Tenn 

Graduating at Lehigh University 
as a metallurgical engineer in 1929 
iri luded 
employment by the Aluminum Co 
of America, Bethlehem Steel, and 


consulting work for numerous meta! 


his industrial experience 


producers, fabricators and users. His 
academic career has included mem 
be, hip on the faculty of Yale Uni 
versity, from which he obtained his 
Ph.D. degree in 1933. He is the 
author of numerous papers in the 
field of physical metallurgy, as well 
as the author of the textbook “Struc 
ture and Properties of Alloys” which 
was published in 1942 and followed 
by a second edition in 1949. Dr 
Brick is listed in “Who's Who in 
Engineering”, and is a member of 
the Ship Steel Committee of the 
National Council, the 
American Institute of Mining and 
Metallurgical Engineers, and the 
British Institute of Metals 


Research 
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Darwyn |. Brown 


Danwyn I. Brown ] has joined 
the staff of Washington Steel Corp 
Washington, Pa., as assistant to the 
president, Born = in 
Ohio, Mr 
trial career with Youngstown Sheet 
& Tube Co. in 1934. He worked for 
Carnegie-Illinois Steel Co. in Youngs 
town and the U. S. Steel Research 
Laboratory in Kearny, N. | 
being named metallurgical contact 
S. Steel 
Alloy Bureau in Pittsburgh. In 1946 
Mr. Brown became Chicago edito 


Youngstow n 


Brown started his indus 


before 


representative for the U 


of Iron Age. Four years later he 
moved to New York as metallurgical 
editor, and later was technical editor 
In 1953, he joined Mullins Mfg. Co 
Salem, Ohio, as manager of market 
development, and remained in that 
position until his present appoint 
ment, Mr. Brown studied metallurgi 
cal engineering at Youngstown Col 
lege and Carnegie Institute of Tech 
nology, and during World War II 
served on the Ferrous Metallurgical 
Advisory Board. He is a member of 
Institute of Mining 
and Metallurgical Engineers as well 
as A.S.M 


the American 


Jack Collins @, formerly 


lurgical engineer with the technical 


metal 


service and development depart 
ment of Electro Metallurgical Co 
Niagara Falls, N. Y., has been trans 
ferred to the Pittsburgh sales office 


asa salesman 


Frank Kiper @, formerly vic 
president of the Misco Corp., Chi 
cago, has béen appointed president 
and general manager of Michigan 
Standard Alloy Casting Co., Detroit 
a division of Consolidated Foundries 
and Mfg. ¢ orp 


Henry M. Heyn @ was recently 
elected a vice-president of Surface 
Toledo, Ohio 


after having been sales manager of 


Combustion ( orp. 


the heat treat division since 1930 


Clifford A. Hampel @ has joined 
North 
Chicago, Ill, as manager of the 


Fansteel Metallurgical Corp 


chemical equipment division. His 
professional career includes research 
and development work with a num 
ber of the leading chemical indu 

Research 
Foundation. He is the editor of Rare 
Metals Handbook and of the En 


cyclopedia of Chemical Reactions 


tries and with Armour 


Henry Davis r=) has been appoint 
ed director of sales and purcha ing 
of American lron and Suppl Co 
Minneapolis, Minn 


Richard C. Campbell @ has joined 
Metal & Thermit Corp., New York 
as metallurgical sales engineer. He 
was previously connected with the 
Watson-Flagg Machine Co., Pater 
son, N.J., as sales and metallurgical 
engineer. A graduate of Newark Col 
lege of Engineering in 1949, Mr 
Campbell is now working on his 
M.A degree in metallurgy at Stevens 
Institute of Technology 


Norman W. Calkins @ has been 
appointed assistant manager of tool 
steel sales and assistant to the vice 
president of Universal-Cy« lops Steel 
Corp., making his headquarters at 
the Cyclops Division in Titusville 
Pa. Mr. Calkins has been a member 
of the ¢ arpenter Steel Co 


ganization for the past nine 


iles Or 


year;rs. 


Harry Schwartzbart @ has been 
promoted from research metallurgist 
to supervisor of welding research in 
the metals research department at 
Armour Research Foundation of Illi 
nois Institute of Technology, Chi 
cago. Before joining the Foundation 
in 1951, Mr 
three years as a research metallurgist 


for the 


Schwartzbart served 


National Advisory Commit 


tee tor Aeronautics. ( leveland 





G-E Type AK-1-50 Electrically Operoted Air 
Circuit Breaker, 1600-omperes, 600 Volts, 
A-C. One pole shown. Made by General 
Electric Company, Low Voltage Switchgear 
Department, 6901 Eimwood Ave., 
Philadelphia, Pa. 





Here is the General Electric Type AK-1-50 Electrically Operated 
Air Circuit Breaker, 1600-ampere frame size used to protect low- 
voltage systems. The picture shows one pole of the contact, and 
in order to photograph it, the housing and the arc-quencher parts 
were removed. Note the Revere Extruded Shapes, and Rectangular 
Rod. There are three shapes, and one size of bar, all in copper, 
because copper has the highest electrical conductivity of all 
commercial metals. 

If these shapes had to be “hogged" out of bar, they would be 
expensive, due to the machining time, and the scrap generated 
While copper scrap is readily salable at good prices, it is costly 
from the machining standpoint. Extruded shapes by Revere, pre- 
formed to the desired contours, usually reduce machining to a 
cutting-off operation, plus such minor details as drilling which 
cannot be done during extrusion. Shapes naturally cost more per 
pound than bar or rod, but the ultimate saving makes up for the 
difference and more, sometimes several times 

Are you doing much machining of copper? If so, look into 
Revere Extruded Shapes. They may save money, and speed up 
production as well. See the nearest Revere Sales Ofhce. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 


230 Park Avenue, New York 17, N. Y. 
Mills: Baltimore, Md; Chicago and Clinton, I/l.; Detroit, Mich. 
Los Angeles and Riverside, Calif.; New Bedford, Mas; Rome, N. Y. 
—Sales Offices in Principal Cities, Distributors Everywhere 
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FOR FINE WIRE PRODUCTS... 


Almet Stainless Steels 


MEET MORE REQUIREMENTS 
THAN OTHER ENGINEERING MATERIALS 


Does your Fine Wire application call for resistance to 
heat? . . . to corrosion? Does it require good fatigue 


properties . . . excellent weaving or other forming char- 





acteristics? There’s a good chance you will find the mate- 
rial you need among the more than 20 grades of stainless 
steel we fabricate into high quality Fine Wire. No other 
family of metals has the combination of properties com- 


mon to the stainless steels. 


Learn more about the interesting properties and ap- 


plications of our stainless steel Fine Wire, as well as 
our stainless Rod and Strip . . . send today for a copy 
of our new 40 page Stainless 

Steel Design Handbook. 


ALLOY METAL WIRE DIVISION 


H. K. PORTER COMPANY, INC. 
Prospect Park, Pennsylvania 
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Personals .. . 


John W. Buskie @, since August 
1954 a consultant for Tennessec 
Products & Chemical Corp. and 
Tenn-Tex Alloy and Chemical Corp 
divisions of Merritt-Chapman & 
Scott Corp., has been elected vice 
president of Tenn-Tex Alloy and 
Chemical Corp. and will continue as 
a consultant for Tennessee Products 
and Chemical Corp. From 1949 to 
1954, Mr. Buskie was general man 
ager of metallurgy and development 
for Ohio Ferro Alloys Corp 


James H. Bechtold @, advisory 
metallurgist in the metallurgy de 
partment of the research laboratories 
of Westinghouse Electric Corp 
Pittsburgh, has been named manager 
of that department. Mr. Bechtold 
graduated in 1949 with an M.S. de 
gree in metallurgy from the Uni 
versity of Illinois, where he also 
served as instructor in metallurgy. 
He joined the Westinghouse research 
laboratories as a research engineer 
the same year, and early in 1955 was 
named advisory metallurgist to the 
department. 


Norbert L. Kopchinski @, former 
ly welding engineer with Grumman 
Aircraft Corp., Bethpage, N.Y., has 
accepted a position as manufactur 
ing engmeer, niu lear research and 
development — division with the 
Glenn L. Martin Co., Baltimore. 


Alan Swabey @ has been elected 
as new president of the Patent Insti 
tute of Canada. 


M. J. Weldon @, formerly metal 
lurgist with the Henry G. Thomp 
son and Son Co., New Haven, Conn 
is now with the newly formed 
Northeastern Steel Corp., Bridge 
port, Conn. Mr. Weldon is chairman 


of the r) New Haven ( hapter 


T. Coolidge Sherman @ was r 
cently appointed Washington, D.C., 
representative for Allegheny Ludlum 
Steel Corp. After graduating from 
Yale University in 1916, Mr. Sher- 
man joined the Ludlum Steel Co. in 
Watervliet, N.Y., and when that com- 
pany merged with Allegheny Steel 
Co. in 1938 he continued with the 
new organization. He has served in 
various executive sales positions, in 
cluding manager of trade relations 
and assistant general manager of 
sales. 





* 


Murtimer alloy wraps are joined by welding in the fabrication of aircraft cabin heaters 


MULTIMET Alloy Wraps 
Absorb the Heat from a 3500 deg. F Flame 


Muttimet alloy wraps are used to absorb the intense heat 


from burning aviation gasoline in aircraft cabin heaters 
The spirally wrapped alloy sheet transfers the combustion 
heat to fresh ventilating air. Very thin sheet — only 0.025 
in. thick—does an excellent job here despite the high 
metal temperatures and the oxidizing conditions 

Rigorous 1,000-hr. tests were conducted before Mucrimet 
alloy was selected for this job. It has now been the standard 


material for seven years The excellent high temperature 


properties of the alloy made it possible for designers to use 


HAINES 


TRACE MARE 


att. owv Ss 


thin sections, which insure a light, compact heater, with ex 
cellent heat-transfer efficiency 

Muctimert alloy is one of many Haynes high -te mperature 
alloys for economical use over a wide range of operating 
conditions. It has given good service for engine manifolds 
turbine blading, heat-treating equipment and many aircraft 
components. For a copy of a booklet describing Hays 
high-temperature allo ind for prices and sizes of 
Mutter alloy. get in touch with the nearest Hayne 


Stellite ompany otes 


HAYNES STELLITE COMPANY 


A Division of Union Carbide and Carbon Corporation 


UCE 
iffices and Work 
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Wilson “Rockwell” 
Hardness Testers 


EASY TO USE 


as a scale 


SENSITIVE & ACCURATE 


as a precision balance 


DURABLE 


asa 
machine tool 


3-JR MODEL 
Invaluable for tool room use 


ind most production testing 


Fully 
Automatic 
@ WILSON “Rockwell” Hardness Testers 
were the first to combine in one high 
grade instrument the precision and sen- 
sitivity demanded in the metallurgical 
laboratory, the accuracy required in the 
tool room plus the ease of operation and 
durability for daily use on the produc- 
tion line. 


Now the world’s standard of accurate 
hardness tests since 1921, WILSON 
“Rockwell” Hardness Testers have de- 
veloped to keep pace with the ever- 
expanding requirements of industry. 
Their testing scope and capacity has 
increased until their use in steel mills, 
non-ferrous mills and metal fabricating 
plants is universal. 

A staff of WILSON hardness-testing 
experts is conveniently located to check 
your needs with you—recommend just the ainieoes 
size and model best suited to the job. Why Testers 


not call or write today? 
. *Trade mark registered 





Agco Wilson Mechanical Instrument Division 


AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N.Y 
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Personals .. . 


John B. Adamec, Jr. @, research 
metallurgist of Sintercast ( orp. of 
America, Yonkers, N.Y., has been ap 


pointed chief metallurgical engineer 


Bruce M. Lane @ and Neal Grif- 
fing @ were recent appointments 
to the staff of the metals research 
laboratories of Electro Metallurgical 
Co., a division of Union Carbide and 
Carbon Corp., Niagara Falls, N.\ 
Mr. Lane was appointed technical 
assistant in the minerals and chem 
ical engineering group. Mr. Griffing 
has been assigned to the metals re 
search group of Electro Metallurgi 


cal as a technical assistant 


Albert W. Lange @ has been ap 
pointed sales representative in the 
New York City area for the indu 
trial division of Henry Disston & 
Sons, Inc.. Philadelphia Mr. Lange 
was previously with Mid-Island Sur 
phy Co. of Long Island, New Yor! 


Madan M. Nanda @, former) 
with the E. F. Houghton & Co 
Philadelphia, recently joined Cruci 
ble Steel Co. of America, Harrison 
N.J., as a metallurgist in the preci 


sion investment casting foundry 


John A. Petroskas @ has been ap 
pointed chief metallurgist of Phoenix 
Iron & Steel Co., Phoenixville, Pa 
subsidiary of Barium Steel Corp. M: 
Petroskas was formerly chief metal 
lurist for the Midvale Co., and more 
recently superintendent of the forge 
and heat treatment departments ot 
Fairmount Steel Corp 


Robert S. Mack @ has been ap 
pointed district represent itive for 
the eastern part of the United States 
for LaSalle Steel Co., Chicago 


V. R. Jaeger @ is the new district 
manager of the Roll-Bond division 
of Olin Mathieson Chemical ( orp 
with offices in White Plains, N. ¥ 


J. Gurland @, formerly manager 
of basic research at Firth Sterling 
Inc., Pittsburgh, has accepted an 
appointment as assistant professor 
in the division of metallurgy at 


Brown University 


William D. W. McMullen @ 
recent graduate of the University of 
Utah, is a graduate student at Lehigh 
University. Mr. McMullen is a re 
cipient of a Gotshall Schol urship 





HIGH PURITY 


PROPERTIES 
TITAN ! UM CARBI DE Structure... cwbic Hordness 9 Moh scale 
is an extremely hard substance with Mech Sise....95 to 96-535 


(also finer particle sizes 10 microns max 
and 5 microns max.) 


rempe ratures. This combination ot ANALVSIS of current commercial production 
properues makes its use advantageous of TAM® Titanium Carbide shows this high purity 


good oxidation resistance at high 


in several applications. Among these Combined Corben ..19.0% Min. Th... 79.0% Min. 
, Free Carbon 0.3% Max. Fe..0.2% Max. 


are 1. asa component in sintered 


AS A DEVELOPER of metals, alloys, chem 
icals and compounds of both Titanium and Zirco- 
yvarts and 3. as a high temperarure nium... TAM* is experienced and equipped to serve 
I g | {4'Ppy 


steel cutting tools, 2. for jet engine 


. your needs tor these products 
refractory material. 


*TAM is a veg. stered trademark 





Meg mtered U5. Pe OF 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 


Executwe and Sales Offices: 111 Broadway, New York City 
General Offices, Works and Research Laboratories: Niagara Falls, New York 
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Personals... . 


Robert E. Bockrath @, for the 
past ten and a half years supervisor 
of magnesium sales in the Houston, 
Tex., office, has been transferred by 
Dow Chemical Co. to the Midland, 
Mich., office in the magnesium tech- 
nical service. 


E. Don Dilling @, after 15 years’ 
with the U.S. 
Mines, has joined the technical de- 
partment staff of Titanium Metals 
Corp. of America, Henderson, Nev., 
as development engineer, For the 
past two and a half years Mr. Dilling 
has been in charge of the pilot plant 


service Bureau of 


at Albany, Ore., which is operated 
by the Bureau of Mines. 


Alfred J. Brothers @ has been 
extended an educational leave of 
absence from Consolidated Vultee 
Aircraft Corp., San Diego, Calif., 
to attend the University of Michigan 
as a graduate student in the depart- 
ment of metallurgical engineering. 


Ormond F. Whipple @, after 21 
years in various capacities in the 
automotive industry, has become 
president of Parks-Whipple, 
Fort Lauderdale, Fla., a 
manufacturing cultivators. 


Inc., 


concern 


George W. Cunningham ©, a 
graduate of the University of Ten- 
nessee, has accepted a job at Battelle 
Memorial Institute, Columbus, Ohio, 
as a research metallurgist in the 
Reactor Metallurgy Div. 





encnal-Purpose S } 


with 
High Speed 
Accuracy, Economy |: 
tenn 


Model 48/M2 /E2 
Equipped with stondord 
work track 
(Optional Equipment) 


Let us prove to you the many 
reasons why this MARVEL 
Hack Saw offers the cheapest, 
most accurate and fastest ‘cut 
off” method available to you 
at a low initial cost 

Ask your dealer, or write us 
for Bulletin GP35 which fully 
describes and illustrates the 
many exclusive features which 
makes this Hack Saw Machine 
your “best buy”. 


nyVs 


MARVEL No. 4B 
HIGH SPEED HACK SAW 


Exclusive features 


. Herizental Ball Bearing Sew Frame 
. Serew Feed Automatic or Hand Driven 
. Quick Return Stroke allows greater number 


of strokes per minute. 


. Simple Positive Coolant System. 
. Adjustable Stroke can be shortened for larger 


capacity. 


. Speed Renge-—cvailable in 1, 2 or 4 speed 


models for wider range of work. 


Moral 
21V 


L. F. Mondolfe @, acting depart 
ment director, was recently advanced 
to director of the department of 
inetallurgical engineering at the IIli- 
nois Institute of Technology. Dr. 
Mondolfo, who was educated at the 
University of Bologna and the Poly- 
technic Institute of Milan, Italy, was 
a research metallurgist for several 
U.S. companies before becoming a 
member of the staff of Illinois Tech 
in 1947. 


Bani R. Banerjee @, formerly as 


sistant project engineer, was pro- 
moted to the supervisory position of 
group X-ray and electron 
diffraction group, in the engineering 
research department, Standard Oil 
Co., Whiting, Ind. A native of Cal 


cutta, India, Dr. Banerjee is a gradu 


leader, 


ate in metallurgy of the University 
of Calcutta and M.S 
and Ph.D. degrees from Yale Univer 
sity. He has taught at Illinois Insti 
tute of Technology and the Univer- 
sity of Calcutta. 


received his 


Robert N. Lynch @ has been ap 
pointed general sales manager of 
the Park Chemical Co., Detroit. In 
the sales department since 1940, Mr. 
Lynch was made industrial division 
sales manager in 1949. In the same 
company, James L. Hagen @ has 
been named manager of the special 
products division. 


Branch M. McNeely, Jr. @ has 
joined the development and research 
division of the International Nickel 
Co., Inc., as a member of the Texas 
technical field with head 
quarters in Houston, Tex. Following 
his graduation from Clemson Agri 
cultural and Mechanical College in 
1948 he joined the Houston Oil Field 
Material Co. In August 1953 he was 
appointed assistant chief engineer 


section 


and served in that capacity until 
joining International Nickel 


Kenneth H. Moyer @, previous}, 
employed in the research labora 
Nickel Co 
New York, is now a metallurgist for 
Grumman Aircraft Engineering 


Corp., Bethpage, L.L, N.Y. 


tories of International 


Howard Friedman @, who ob- 
tained the degree of B.S. in metal 
lurgical engineering from the Uni 
versity of Illinois in June 1955, is 
now employed as research assistant 
on the fiber metallurgy program at 
Armour Research Foundation of Ili 





ARMSTRONG-BLUM MFG. CO, + 5700 Bloomingdale Avenue « CHICAGO 39, ILL. 


nois Institute of Technology. 
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they grip tight...seal tight 
—they’re made of 


CRUCIBLE 


stainless steel 
cold heading wire 


These Tuff-Tite* fasteners, made by Townsend 
Company, New Brighton, Pa., have a neoprene 
washer preassembled into the head. They stop leaks 
hold tight even where there’s severe vibration. . . seal 
out moisture effectively. 


Of course high speed production of these fasteners, 

like other types of screws, bolts, rivets and pins, demands 
cold heading wire with optimum workability. That 
means wire that’s structurally sound and metallurgically 
uniform ... with sufficient ductility to make forming 
easy ...and with good tensile strength. 


Crucible stainless steel cold heading wire has all these 
qualities — plus exceptional corrosion-resistance. That's 
why Crucible Types 305 and 410 stainless are used 

for the new Tuff-Tite fasteners, as well as for many 


other types of fasteners. ai dais daundion 


Crucible will fill your stainless cold heading wire needs + Aad ee aes 
quickly and efficiently ...in the grade and size that best stainless steel wire 

fits your application. Talk over your production 

requirements with your Crucible representative soon 

Crucible Steel Company of America, The Oliver Building, 

Mellon Square, Pittsburgh 22, Pa. 


Ic R U C { 4 LE} first name in special purpose steels 








Crucible Steel Company of America 
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Personals .. . 


James B. Melehan @, « graduate 
of New York University, is now em 
ployed as a metallurgical engineer 
in the nonferrous physical metal 
lurgy department of Battelle Me 
morial Institute, Columbus, Ohio. 


Donald D. Dewar @ is now chief 
of physical testing for Kaiser Alumi 
num and Chemical Corp., Trent 
wood, Wash. 


Virgil B. Bullen ©, 
superintendent of the process ma 
chinery laboratory at 
Milling Machine Co., 
Ohio, has been appointed engineer 
ing representative for Tocco Div., 
Ohio Crankshaft Co., and will have 
headquarters in Chicago. 


formerly 


Cincinnati 


Cincinnati, 


Donald A. Bergh @ is now an 
instructor in metallurgy at General 
Motors Institute, after having been 
instructor in foundry in the Muske 
gon (Mich.) Public Schools 





Need 
Large 
Hydraulic 


BUILT TO REQUIRED SIZES AND TOLERANCES BY 


TITUSVILLE FORGE 


Hydraulic cylinders combining the advan- 
tages of thoroughly hot worked steel and 
clean automatic welding are being fur- 
nished by Titusville, Such cylinders insure 
the user of better physical characteristics 
(hollow forged shell and fianged sections 
together with upset forged top or dome 
sections), freedom from leakage under 
pressure because of porosity and the com- 
plete elimination of costly repairs or re- 
jections. Fabrication is shown in photos 


| Hollow forging for shell section 
* being hot worked on mandrel. 


Hollow and upset forgings assem- 
* bled for automatic welding. 


3, Complete welded cylinder being 
rough turned in 80” engine lathe. 


Let Titusville Forge build your hydraulic 
cylinders—-to your most exacting require- 


STRUTHERS WELLS CORPORATION 


4 truthers 
Wells 


TITUSVILLE FORGE DIVISION 


TITUSVILLE, PA. 


PLANTS AT TITUSVILLE, PA., and WARREN, PA, 
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Donald C. Larson @ was awarded 
the Metal Powder Association Schol- 
arship for the school year 1955-56 
Mr. Larson is top man in his metal- 
lurgical class at the 
University of Washington, and vice 


chairman of the @ student chapter 


engineering 


Kurl Thomas Aust @, Robert H. 
Doremus @, and Frank VerSnyder 
@ have been added to the staff of 
the metallurgy and ceramics depart 
ment of the Electric Re 
Schenectady, 


associates. Dr 


General 
search Laboratory, 
N.Y., as 
Aust has been a research associate 
at Johns Hopkins University for the 
past three years, and previously had 
been a metallurgist with the Kaiser 
Aluminum and Chemical 
Spokane, Wash. Dr. Doremus re 
ceived his Ph.D. from the University 
of Illinois in 1953, subsequently tak 
ing additional 


research 


Corp., 


graduate study at 
Cambridge University in England on 
a Fullbright Fellowship. Mr. Ver 
Snyder was transferred to the Re 
search Laboratory from the small 
aircraft engine department of Gen 
eral Electric Co. in Lynn, Mass. In 
1954 he was awarded the @ Henry 
Marion Howe Medal. 


Americo M. Santoro, Jr. @, re 
cently released from active duty in 
the U. S. Navy where he served for 
two years on board the U.S.S. Thom 
as E. Fraser as assistant engineering 
officer, is now employed as a prod 
n the 
plant, parts division, for Sylvania 
Electric Products, Inc., Warren, Pa 


uct engineer wire and weld 


Douglas H. Polonis @ has com 
pleted requirements for the Ph.D. 
degree in physical metallurgy at the 
University of British Columbia and 
is assistant professor of metallurgical 
engineering, School of Mineral En 
gineering, University of Washing 
ton, Seattle. 


Henry M. Miles @, formerly lab 
oratory supervisor and sales mana 
ger for Chapel Testing Laboratories, 
Inc., Dayton, Ohio, is now quality 
control laboratory superintendent 
for Ford Motor Co. in the new plant 


in Sandusky, Ohio. 


Seymour Epstein @ is now attend 
ing lowa State College where he is 
doing graduate study on a research 
assistantship in the metallurgy de 
partment of the Ames Laboratory 
of the U. S. Atomix 


mission 


Energy Com 





Blank size: %"’ thick x 16%" x 23%" Blonk size: %"' thick x 9°" « 31"° Blank size: 5°’ thick « 78° OD 


Stainless steel plate 

produced to your specifications 
! for quick delivery 
i 

i 

i 


Blank size: 4°’ thick x 7%"' x 71%" 


Iustrations show before and after machining 


 — __ 
Confidence in Carlson service has made G.O. Carlson, Inc. the country's 
leading specialist in stainless steel plate. As we grew to this position 
in the industry, we learned and dev eloped new methods of working 
stainless plate. 
SEE What does this mean to you? 

It means you can buy for quick delivery exactly what you need in 
stainless steel plate sheared, sawed, flame cut, abrasive cut, or 
machined. And this is true whether the job is a “toughy” or “run 
of the mill”! 


When you need stainless steel plates—special patterns like these or 


All the products illustrated here 
were flame cut, sawed, abrasive 


! 

! 

! 

! 

! 
cut, sheared or machined from ] plain rectangles—you'd better try Carlson service, where experi 

! 

I 

! 

! 

! 


stainiess steel plate. ence pays off, 
write for CARLSON'S WEEKLY STOCK LISTS... 
YOUR GUIDE TO WHAT'S AVAILABLE 
IN QUALITY STAINLESS STEEL 


) 7 Jy Stainless Stools Exclusively 
(CARLSON, we 


THORNDALE, PENNSYLVANIA 
Plates « Plate Products « Forgings « Bars « Sheets ‘Ne. 1 Finish) 
District Bales Offices in Principal Cities 


Blank size: 2°" thick x 60°" OD 
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Blank size: 3%" thick x 106%"" OD Blank size: V4" thick x 75" « 88°° 


Blank size: 1A’ thick « 24°° ODO 
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A POTENTIOMETER RECORDER 
THAT'S REALLY PORTABLE! 


meer SRNR tetas 


—————yt— « 
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In response to the increasing demand 
in industry for a truly portable indicat- 
ing recorder, we have redesigned our 
standard Thermo Electronic Recorder 

. making it 18 Ibs. lighter . . . without 
sacrificing either accuracy, sensitivity 
or durability. 


In addition to recording temperatures 
in 19 standard ranges, from —100° to 
|-100°F. up to 0” to 3000°F., it is also 
used to measure humidity, solution con- 
ductivity, speed, pH, direct current, DC 
voltage, power, strain, or any other 
measurement that can be converted to a 
change in resistance or DC millivoltage. 


The simple design of the electronic bal- 
ancing system of this instrument em- 
ploys only three moving parts, and ny- 
lon drive gears and cam rolls are used 
throughout for quiet, durable operation. 
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A cam is used to drive the recording 
pen, thus permitting linear charts to be 
used for almost all measurements, de- 
spite the non-linearity of the sensitive 
element characteristics. 


Steet ete ae 








Interested? 
Write for catalog Section 60-100-H 
covering this latest addition 
to the growing T-E line. 





SPECIFICATIONS 
CHART 
Circular, 12” diameter, 4%" 


scale width, uniform gradva 
tions. 


CHART DRIVE 

Synchronous, electric, 24-hour 
revolution standard, other 
speeds available 


CALIBRATION ACCURACY 


+e of 1% of scale span 


BALANCE CONTROL ACTION 


Continuous null, positive drive 
of slidewire and pen, no gal 
vanometer, unaffected by vi- 
bration, 


SENSITIVITY 


One slidewire turn (less than 


+1/20 of 1% of scale) 


DIMENSIONS 
16%" wide by 18%” high by 
7\4" deep. 


NET WEIGHT 
40 Ibs 


We have openings for 
qualified sales engineers 
and design engineers with 
electro-mechanical or in- 
strument experience. In- 
clude resume with letter 
of application. Salary 
commensurate with ex- 








an 7 


perience. 


Pyrometers * Temperature Monitoring Systems * Thermocouples * Protection Tubes 
Quick-Coupling Connectors and Panels * Thermocouple and Extension Wires 


Thermo Electric (,hc 


SADDLE RIVER TOWNSHIP, ROCHELLE PARK POST OFFICE, NEW JERSEY 
IN CANADA—THERMO ELECTRIC (Canada) Ltd., BRAMPTON, ONTARIO 


bt) 
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Personals .. . 


W. A. Hammer @ is now manager 
of the screw department for Na 
tional Ventilated Awning Co., Dal 
las, Tex. 


Murray J. Granger @, formerly 
with Aerojet-General Corp., Azusa 
Calif., is now plant manager of the 
Montebello, Calif., works of Wall 
Colmonoy Corp. 


John F. Elliott r} was recently 
appointed associate professor of 
metallurgy at Massachusetts Insti 
tute of Technology, where he will 
teach metallurgy and continue his 
work in the process metallurgy of 
iron and steel and the thermochem 
istry of metal systems. Dr. Elliott 
was previously employed as assist 
ant superintendent in the open 
hearth and blooming mill, quality 
control department, Inland Steel Co 


Paul P. Combs @, formerly with 
Southwestern Ohio Steel, Inc., Ham 
ilton Ohio, is now employed as cold 
mill metallurgist for McLouth Steel 
Corp Trenton, Mich 


J. L. Eirls @ has resigned as fore 
man of the heat treating department 
at Food Machinery and Chemical 
Corp., San Jose, Calif., to accept a 
graduate teaching fellowship in the 
physics department at Colorado 
School of Mines, where he is work 
ing toward an M.S. degree in mining 
engineering. 


Richard Raring @, formerly a 
metallurgist with the U. S. Naval 
Research Laboratory, is now with 
the National Advisory Committee 
for Aeronautics, Washington, D. ¢ 


W. W. Culbertson @, previously 
director of industrial liaison at Case 
Institute of Technology, is now a 
member of the manager's staff at 
Bettis Field, Westinghouse Electric 
Corp., Pittsburgh 


L. Hodge 8. research metal 
lurgist of Linde Air Products Co., 
has been transferred from the re 
search laboratory at Tonawanda, 
N. Y., to the development laboratory 
Newark, N. J., as consulting metal 
lurgist in ivon and steel process 
metallurgy. 


James E. Fifield @ is now em 
ployed as a staff metallurgist for 
International Selling Corp., New 
York City. 























Personals... 


Victor F. Zackay @, research en 
gineer for Ford Motor Co., Dear 
born, Mich., has been promoted to 
supervisor, physical metallurgy sec 
tion, in the metallurgy department 
at the Scientific Laboratory 


W. F. Anderson @ has been ap 
pointed district representative in the 
Chicago area for Ohio Forge and 
Machine ( orp., Cleveland 


Ronald A. Kelsey @, an employee 
of Electric Boat Div., General Dvna 
mics Corp., is attending the Oak 
Ridge School of Reactor Technology 
at Oak Ridge National Laboratory 


Eli Margolin @ is now a techni 
cal engineer in the Evendale Plant 
of General Electric Co., Cincinnati 
Ohio 


Walter E. Simon @, previously 
with the Imperial Smelting Corp 
Chicago, is now in charge of plant 
operations at George Sall Metals Co 
Philadelphia 
Sand Core Orying Ovens — 
William H. C, Webster @, former 


by Michigan Oven Co., Detroit lv district sales manager has been 


appointed assistant general manager 
of sales of coated sheet products for 
Eclipse Combustion Equipment was spe ified for the above sand Weirton Steel Co a division of 
core drying ovens by Michigan Oven Company of Detroit and National Steel Corp 
Greenlee Bros. & Company of Rockford. It was agreed that 
Eclipse offered the most complete line of combustion equipment F. L. Orrell @ is now supervisory 
available, and there was the added advantage of dealing with a 
single responsible source, All 11 ovens installed in the Rockford , tl , ; 
men In e eacto aepi t 
plane of Greenlee Bros. & Company are equipped with complete  reacws epartmen 
Eclipse gas burning combustion assemblics atomic power! division, Westing 


engineer of fuel element develop 


. + lag ) . 
Engineered and built specifically for this job, two types of ovens house Electric ¢ orp., I ittsburgh 
One was of ‘‘lift rack"’ design and approximately 
Serene Cas ene og Re a wage P. C. Mortinson @ has been trans 
6 ft wide, 7 ft deep, and 7 ft long. Two banks of four ovens of » Sve ‘ ‘ 
this type were used. The other type, “‘large car’’ ovens are 12 fe ferred by Massey-Harris-Ferguson 
wide, 19 ft deep, and 8 ft high Cone set of three). All ovens are Inc 


from Racine, Wis.. where hi 
operated 16 hours a day, at a temperature of 425 F which is 
f ' i 


was executive engineer, to Detroit 

maintained exactly. Although the ovens are installed in sets, 
' ' and appointed administrative en 

each is independently controlled and completely flexible as to 


Operating temperature and time cycle gineer, western he misphere Mr 


Air is recirculated through the ovens and because of its velocity Mortinson was ¢ mploye d by the 
Eclipse line burners were selected for their flame retention chara company in 1950 as director of 
teristics. Other Eclipse equipment includes: Lock-Tite Safety research 
Shutoff Valve Zero Gas Governors, pilot assemblies wit! 


flame protection, blast gates, and LP mixing tee Alfred P. Schneller @, Pacific 
Whether you want a single piece of combustior Coast sales manager for the welding 


packaged, completely engineered combustior produc ts division cf A. O. Smith 
Eclipse held engincer. He will be glad to he { 


Corp has been made eastern re 


ECLIPSE FUEL ENGINEERING CO., 1127 Buchanan St., Rockford, Illinois gional sales manager for the division 


Eclipse Fuel Engineering Co. of Canada, itd, Don Mills, Ontario : 
Rodger D. Veneklasen @, former 


ly furnace project engineer with the 
equipment division of National Re 
search ( orp Boston has joined 
° General Communication Co. in tl 
Eclipse hee 
same city as assistant chief metal 


lurgist in the newly created meta! 





lurgic al cle velopment div ision 


METAL PROGRESS; PAGE 140 





Alodizing at Boeing is done in a series of 80 ft. dipping tanks. Each takes 76 ft. spars and whole 8-52 wing panels 


BOEING ESTIMATES SAVINGS OF MORE THAN $300,000 A YEAR 
OVER ANODIZING BY ALODIZING WITH ALODINE® 





ACP chemical conversion process cuts treatment time 
by 33%, provides more uniform anticorrosion coating 


Ihe Alodizing process takes little more than an hour to 
uniformly coat a batch of aluminum parts 
dry they are ready for painting 


and when 


Savings through reduced costs of heat, water, power, 
compressed air, labor, and process time are estimated 
at $300,000 anaually. And there’s another important 
saving: a scratch in the chemical coating can be quickly 
and easily repaired, in contrast with a damaged anodic 


coating, which requires costly stripping and reolating 


Another tangible, but inestimable, saving is the result 
of the technical assistance offered by ACP. Our Engi 
neering and Service Departments worked closely with 
Boeing in recommending the right equipment, training 
personnel in the simple operation of the process, and 
checking samples of the finished product in our Quality 
Control Laboratory 


We can do the Same for you uu rite for the complete story of Alodizine with Alodine 


AMERICAN CHEMICAL PAINT COMPANY, Ambler 16, Pa. 


NILES, CALIFORNIA 


DETROIT, MICHIGAN 





CHEMICALS 


PROCESSES 








WINDSOR, ONTARIO 
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Personals .. . 


Sheldon Weinig @ has received 
the Ph.D. degree from Columbia 
University, where he was lecturer in 
physical metallurgy, and has been 
appointed assistant professor of phys- 


CHALLENGE ical metallurgy in the College of 


Engineering at New York University. 


TO USERS OF Charles D. Smith @ has accepted 


a position with the reactor develop 


WOVEN We we & ment division of Combustion Engi 


neering, Inc., New York, and is in 


CONVEYOR charge of metallurgical activities for 


the division 


| John J. Adams @, formerly plant 
BELTS ° | 


metallurgist at Fischer Casting Co., 
Inc., North Plainfield, N.J., is metal 
lurgical engineer for the Crystal 
Products Div., Tung-Sal Electric 


Inc., Bloomfield, N.]. 


D. T. Goettge @, previously chief 
sheet mill metallurgist and inspector, 
Fairless Works, United States Steel 
Corp., has been transferred to the 
Irvin Works, Dravosburg, Pa., as 


assistant chief metallurgist and in 


if you use woven wire conveyor belts for 
continuous heat treating, annealing, sintering 
or any other operations up to 2100° F, we 
challenge you to send for this FREE SAMPLE of 
Cambridge belting—-and make these compari- 


seme are sens to any other brand: George C. Wheeler, Jr. @ recent 
for use up te 2100°F. ly accepted the position of senior 


spector. 


materials engineer, SIR Project, at 
Compare the uniformity and flexibility of the non-welded belt; the Knolls Atomic Power Labora 
see how the absence of welds permits uniform expansion and tory, General Electric Co., Schenec 
contraction of the entire belt under temperature changes. Compare tady, N.Y. Mr. Wheeler was formerly 
the accuracy of mesh count and wire size. Compare the spiral employed as metallurgical engineer 
formation and note lack of scars or marks on the body of the wire in the Fitchburg Works, and super 
and cross rods. Compare its flexibility. And, compare even its visor of nondestructive testing in the 
appearance and its ‘heft’. River Works, both of General Ele« 


Once you've done so, we think you'll agree that Cambridge offers tric Co. 
you more . . . because they’re made better; that means longest Floyd E. McBride @ is employed 


belt life and lowest belt maintenance for you. as a metallurgical engineer in the 


materials section, aircraft nuclear 
wes COUPON TO SEND POR Youn : —_ ip ta on propulsion department General 
FREE SAMPLE TODAY or call your re ot Co. Electric Co., at the Evendale plant 
Cambridge Field Engineer. He's Dept. B * Cambridge 12,Md in Cincinnati, Ohio. 
listed under “Belting, Mechanical” a: mi rec Alfred A. Wald @ is now plant 
in your classified telephone book. as WVEVOR . ¥ 
. , A ATIONS Ww ide maintenance superintendent at 
OFFICES IM PRINCIPAL INDUSTRIAL CITIES Caterpillar Tractor Co., Peoria, Ill 
i Charles R. Cook, Jr. @ has re 
signed as senior research engineer 
with Titanium Metals Corp., Hen- 


derson, Nev., to accept the position 


THE CAMBRIDGE WIRE CLOTH COMPANY, DEPARTMENT B 
CAMBRIDGE 12, MARYLAND 


Gentlemen: Please send me my FREE SAMPLE of your belting specification 
RR-23-22-12. 


of project engineer with Thompson 


Products, Inc., Cleveland 
Name Title 


Milton J. Alexander @, formerly 
chief metallurgist for Quaker State 
Metals Co., Lancaster, Pa. has ac- 
cepted a position as process control 
engineer at the magnesium plant of 
Dow Chemical Co. in Madison, III 


Company 
Street 


City Zone State 
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MIDVALE FORGES STAINLESS STEEL 


Official U.S. Navy Photograph 


In planning atomic-powered submarines, top-grade 
materials and top-quality workmanship were first con- 
siderations throughout. 

Midvale is proud to have supplied the stainless steel 
forgings used in the heat exchanger system of the power 
reactor ... proud because of the recognition thus given 
to Midvale quality . . . in steel making, in forging, 
and subsequent heat treatment, inspection and testing. 

These forgings of type 347 stainless steel required 


the most careful control in the melting and casting of 


To Harness Momic 
Power Underseas 


the ingots, together with the best in forging technique 
to produce material that would pass all of the exacting 
metallurgical requirements. The 10000 Zyglo inspec- 
tion, inside and out, was only part of the specifications, 
All forgings were fabricated by welding into the piping 
system and heat exchanger. 


It will pay you, too, to call Midvale for any forging 
. carbon, alloy or stainless steel any shape — 
rolls, gear rings, shafts, pressure vessels or a variety of 


other steel products, 


THE MIDVALE COMPANY- Nicetown, Philadelphia 40, Pa. 
Offices: New York, Chicago, Pittsburgh, Washington, Cleveland, San Francisco 


MIDVALE 


FORGINGS, ROLLS, RINGS, FLANGES, CORROSION AND HEAT RESISTING CASTINGS 
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with mechanized batch-type controlled atmos- 
phere furnaces. 


in uniform work quality. Proved by scores of 
satisfied users. 


with atmosphere protected quench vestibules. 


and ONLY furnaces with successful hof oil 
quenching systems for clean, distortion con- 
trolled parts. 


and ONLY furnaces with successful built-in 
Endothermic Gas Generators. 


DOW continues to give you the finest heat 
treating equipment with a complete new line of 
AUTOMATIC batch-type furnaces with ALL the 
production-proven FIRSTS of the regular DOW 
furnace line. 


FOR COMPLETE INFORMATION - WRITE OR PHONE 


Four” WITH 


ECHANIZED, BATCH- 
TYPE, CONTROLLED 
12045 Woodbine Ave., Detroit 28, Mich. ATMOSPHERE FURNACES 


Phone: KEnwood 2-9100 
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Vanadium Pentoxide 
Attack on Heat Resisting 
Metals* 


VALUABLE investigation of the 

old and troublesome problem 
of corrosion of metal surfaces ex 
posed to V,O, deposits at high tem 
peratures is described. This work 
involved the determination of the 
softening and melting points of 
various mixtures of V,O, with the 
common high-melting metal oxides 
Al.O,, BeO, CaO, Co,0,, CroOz, 
NiO, MgO, CuO, FeO, and ZnO 
The purpose of the research was to 
determine if any mineral additives 
could be made to fuels containing 
traces of vanadium which would 
form high melting point compounds 
with V.O,. This might reduce the 
tendency of low-melting V,O, to re 
act with oxide films on hot turbine 
blades and superheater tubes 

A variation of the seger cone 
method for determining the melting 
point of coal ash was used in this 
investigation. Varying proportions of 
the metal oxides which have high 
melting points were mixed with 
V.O;, ball milled, moistened and 
molded into cones. Two cones were 
prepared from each binary mixture 
All mixtures contained 5 to 90% 
high-melting oxide in 5% increments 

Cones prefired at 1020° F. were 
placed upright in the furnace and 
heated. The temperatures at which 
the tip of the cone first started to 
bend over, and at which the tip 
touched the support were recorded. 

A series of ten plots with the per 
cent of metal oxide plotted against 
temperature trace the approximate 
melting point of all the metal oxide 
V,O, mixtures. The melting point of 
V.O, was taken as 1238° F. The 
Al.O,-V.O, mixture showed no in 
crease in melting point until 50% 
A!,O, was reached and this gave a 
melting point of 2012° F. The MgO 
and NiO mixes gave the most rapid 
increase in melting point, 25% MgO 
giving 1724° F. and 40% MgO gi 
ing 2012° F. 

Following this work which 
showed that large amounts of re 
fractory oxide would need to be 

*Digest of “The Liquidus of Metal 
Oxide, V.0, Systems’, by G. Lucas, 
M. Weddle, and A. Preece, Journal 


of the Iron and Steel Institute, Vol 
179, April 1955, p. 342 to 347 





NOW... 


heat treat under 
high vacuum at 
temperatures up to 
2000°F 
... 1 gas-tight 
Inconel retorts 


Bright annealing such active metals as tita- 
nium or zirconium is easy, today. So is 
no-flux brazing of stainless steels. 

New, high vacuum furnaces do away 
with the atmospheric impurities that once 
made such operations difficult. What's 
more, they can even de-gas the metals them- 
selves. 

High Vacuum Equipment Corp. (349 
Lincoln St., Hingham, Mass.) makes the 
new units... turning out a wide variety of 
shapes and sizes for work loads of a few 
pounds to several tons. 


Inconel* keeps retorts gas-tight 
According to the builders, proper opera- 
tion of these high vacuum furnaces calls 
for gas-tight retorts. They must be so non- 
porous that it would take 120 years for a 
thimbleful of air at atmospheric pressure 
to leak in. 

They must sfay gas-tight, too... and 
keep shape despite pressure . . . despite tem- 
peratures to 2000°F . . . despite the tremen- 
dous thermal shocks of water-spray cooling 

. despite oxidation, carburization and 
other forms of attack. 

Inconel nickel-chromium alloy is able to 
handle such an assignment. It has given as 
much as 5000 hours in these high vacuum 
retorts without sign of failure. 

You may be looking for an alloy like 
this... with high and lasting hot strength 
plus corrosion resistance. If so, look into 
Inconel. A new Inco booklet, “Keep Op- 
erating Costs Down When Temperatures 
Go Up”, pictures many ways to use Inconel 
effectively. Write for a copy. 


Registered Tra " 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wali Street New York 5, N.Y. 


ade, Inconel 


.»- for long life at high temperatures 





Loaded Inconel Retort and part of vacuum producing equipment are 
lowered into combustion chamber of new vacuum furnaces for heating 
After heat treatment, retort is epray cooled in tank in foreground, Despite 
thermal shock lnconel retort stays gas-tight 
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How Westinghouse 
Constant Potential X-ray 
Speeds Internal Inspection 


Here is radiography in industry at its finest. The Westinghouse 
250 KV Constant Potential X-ray gives you highest quality 
radiographs in half the time required by other X-ray methods 


Why Constant Potential? 
Because the circuit comprises a constant DC voltage, you 
get a higher X-ray output. A smaller focal spot is possible be- 
cause of the absence of inverse voltage across the X-ray tube. 
Result — a sharper radiograph. 


Booklet Tells All 
Why not get the full story of Constant Potential X-ray for 
industry? Booklet illustrated above is yours for the asking. 


oe ee ee ee ee ey 


Westinghouse Electric Corporation, X-ray Division, Dept. 0-O5A 
2519 Wilkens Avenue, Baltimore 3, Md. 


I am interested in the 240-K V Constant Potential Booklet. Please rush details tuday 
Name 
Title 


Street & No 


City Zone tate 


) 08305A 
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Vanadium Pentoxide .. . 


added to fuels containing V.O,, a 
study was made of the effect of add 
ing V.O, deposits to metal surfaces 
when exposed to temperatures of 
1290° F., slightly above the melting 
point of V,O,. Since most heat re 
sisting alloys contain large amounts 
of chromium, cobalt and nickel, oxi 
dation tests were made on these pure 
metals and some alloy combinations 
such as 80% Fe, 20% Cr; 80% Co 
20% Cr and 80% Ni, 20% Cr 

The oxidation tests were carried 
out by suspending a sheet of the 
metal (1 cm. square) from the arm 
of a balance which was outside the 
furnace, and was arranged to draw 
a curve on photographic paper as 
the specimen increased in weight 
due to oxidation. The temperature of 
1290° F.. was chosen so that the V,O, 
would be molten but not sufficiently 
volatile to affect the results. Since 
the pure metals and alloys studied 
oxidize only siightly in air at this 
temperature the influence of small 
deposits of VO, on the surface could 
be followed. About 0.05 mg. of 
VO, was deposited on each sample 
At the end of the test on electrolytic 
chromium it was found that a dark 
green scale covered the complete 
surface, indicating that the minute 
amount of V,O, had spread by diffu 
sion to all parts of the specimen 
The total gain in weight was about 
5 mg. The sample with no V,O, de- 
posit showed practically no gain in 
weight after two weeks at 1290° F 
This oxidation process on the chro 
mium surface obviously follows the 
equilibrium diagram of the Cr,O, 
VO, system previously surveyed 
with the seger cone tests. The reac 
tion occurs in four steps as follows 

1. Presence of liquid scale film 
high in V,O;. 

2. Appearance of solid scale film 
melting at 1650° F. when Cr.O, 
content of scale exceeds 20% 

3. Seale containing CrVO, vana 
dates in the region of 30 to 45% 
Cr,0s. 

4. Further oxidation of the metal 
surface to give a scale containing 
over 95% Cr.O, 

Since the test temperature was 
1290° F., the scales formed were at 
a temperature well below their melt- 
ing points and the continuing oxida- 
tion took place by diffusion of oxy 


gen through this solid film triggered 





Fill all your 


COLD ROLLED SPECIALTY STEEL 


You'll find, at Crucible, dozens of prescription-made 
cold rolled steels designed for special applications . . . 
steels for automotive stampings, business machine 
parts, saw blades, cutting dies, skates, springs and 
cutlery — to name just a few. 

You'll find them in the widest possible variety 
including carbon spring, alloy and stainless steels 

in fact, in any ferrous analysis that can be cold 
rolled. And you’re sure of quality at Crucible — the 
nation’s leading producer of special purpose steels 


|CRUCIBLE| 








Crucible 


needs at Crucible 


for Crucible maintains complete control of pro 
duction from ore to finished steel. 

So when you need prompt delivery of any kind of 
cold rolled specialty steel call Crucible. Experienced 
Crucible metallurgists can help, too, in selecting the 
best steels for your job. And write for your free copy 
of Crucible’s new 32-page booklet on cold rolled spe- 
cialty steels. It’s packed with useful data. Crucible 
Steel Company of America, Henry W, Oliver Build 
ing, Pittsburgh 30, Pa. 


first name in special purpose steels 


Steel Company of America 
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AULT. @ 


IRIDITE 


Whether you're finishing non-ferrous parts for high corrosion 
protection, paint base, or for showroom sales appeal, you can 
be sure of low material and production costs and peak perform- 
ance when you specify Iridite. Here’s what you can do with 
Iridite: 
ON ZINC AND CADMIUM you can get highly corrosion resistant 
finishes to meet any military or civilian specifications and 
ranging in appearance from olive drab through sparkling 
bright and dyed colors. 


ON Coppa... iridite brightens copper, keeps it tarnish- 
free; also lets you drastically cut the cost of copper-chrome 
plating by reducing the need for buffing. 


ON ALUMINUM Iridite gives you a choice of natural alumi- 
num, a golden yellow or dye colored finishes. No special 
racks. No high temperatures. No long immersion. Process in 


bulk. 


ON MAGNESIUM Iridite provides a highly protective film in 
deepening shades of brown. No boiling, elaborate cleaning 
or long immersions. 


AND IRIDITE 1S EASY TO APPLY. Goes on at room temperature by 
dip, brush or spray. No electrolysis. No special equipment. No 
exhausts. No specially trained operators. Single dip for basic 
coatings. Double dip for dye colors. The protective Iridite 
coating is not a superimposed film, cannot flake, chip or peel. 


WANT TO KNOW MORE? We'll gladly treat samples or send you complete 
data. Write direct or call in your Iridite Field Engineer. He's listed under 
“Plating Supplies” in your classified telephone book. 


tridite is approved under government specifications 
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Vanadium Pentoxide ... 


by the minute amount of V,O, pres 
ent on the surface 

It is therefore apparent that the 
oxidation of pure chromium is radi 
cally changed to a curve of para 
bolic form in the presence of V,O 
The slowing down of the oxidation 
is apparently due to the effect of 
scale thickening rather than to dilu 
tion of the minute amount of VO 

Further tests on the alloys of iron 
cobalt and nickel, each with 20% 
Cr, showed that these alloys oxidized 
in air (without V,O, present) at 
rates proportional but lower than the 
oxidation of the pure metals. When 
VO, was deposited on the alloy 
the rate of oxidation was increased 
more than five times. The order of 
decreasing oxidation was the iron 
alloy cobalt alloy and nickel alloy 

It is clear from the results of this 
investigation into the mechanism of 
vanadium pentoxide attack that a 
heat resisting alloy depending on 
chromium for its oxidation resistance 
is not capable of withstanding attack 
by vanadiunr pentoxide unless some 
means of preventing the solution of 
vanadium ions in the chromic oxide 
film is found. It seems that success 
ful fuel additives for this purpose 
would be materials which form com 
pounds more unreactive than normal 


vanadates E. C. Wricut 


Protective Coatings . . . 


Starts on p. 96 
metallic coatings (Chapters 
through 12), (d) organic coatings 
(¢ hapters 13 through 15), and (« 
miscellaneous topics Chapters 16 
through 18). 

The first part is a general review 
of the electrochemistry of corrosion 
Since whole volumes have been writ 
ten on the material covered in this 
20-page chapter, thoroughness is not 
to be expected but the principal 
points are « overed and it serves as an 
excellent introduction 

The second part covers the main 
methods of cleaning metal surfaces 
preparatory to application of the 
coating. The principal criticism of 
this chapter is that it is too short. It 
is not recognized as generally as it 
should be that the performance of 
metallic and organic coatings de 


pends on the proper preparation of 











A new concept in instrument simplicity for 


on-the-job economy 
WITH SPEEDOMAX® H 


@ When you see these null-balance potentiometer 
temperature instruments you'll know what we 
mean. Their simplicity of design will reflect in 
point-of-application savings to you .. . in initial 
cost, ease of installation and during year-in year- 
out service. 

You'll see they have few moving parts. . . all 
readily accessible; compact, simplified construc- 
tion; neat, well-marked wiring. But you'll notice 
they still retain the advantage-proved L&N direct 
drive... one stvaig’it-through shaft carries 


LEEDS f NORTHRUP 


instruments 





pointer, pen, control cams and slidewire . . . moves 
them in permanent alignment 


And you'll find they can be installed in any 
convenient location . .. quickly and economically. 


To see the features of this unique instru- se 
ment, get our pictorial fold-out which Jn] 


) 

takes you inside Speedomax H. Juat ‘Ly 

phone your nearest L&N office or write i/ / 

us direct at 4927 Stenton Ave., Phila. 44, \ AI 

Pa. and ask for Die-Out ND46(1). iV 
Ly 


automatic controle + furnaces 








UPPER LEFT — Connors Stee! Division, 
Birmingham, Ala. CENTER — Stee! 
Specialties, inc., Baltimore, Md. LOWER 
RIGHT — Vulcan Steel Co. Division, 
Boston, Mass., office and warehouse. 


improving service to you 


Additional sales and distribution outlets—in key areas— 
mean VULCAN Tool Steels are directly ahead of you. 


The big advantage is that you will find it easier to obtain 
the exceptionally high quality tool steels produced by 
VULCAN. VULCAN’s emphasis on forging adds assurance of 
high quality. 


Your end result is the finest tools and dies you can make. 


VULCAN Tool Steels are available in all types, shapes and 
sizes. See your nearby VULCAN representative, or write 
for VULCAN Tool Steel Data bulletin, with your represent- 
ative’s location. 


ucible Steel Co. Division 





H. K. PORTER COMPANY, INC. 


Aliquippa, Pennsylvania 
Offices in Pittsburgh, New York, Cambridge, Baltimore 
Birmingham, Detroit, Lansing, Chicago, Milwaukee, St. Louis 
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Protective Coatings .. . 


the basis metal, and that the best 
paint or lacquer, or the most pains 
taking plating job, can be ruined by 
improper prior cleaning. This chap- 
ter is only 18 pages long and, in ad- 
dition to cleaning proper, it includes 
a discussion of polishing and buffing 
(including electropolishing), and a 
section on tests for cleanliness, many 
of which are of laboratory rather 
than practical interest. In the re 
viewers opinion, more emphasis 
could have been put on the impor 
tant subject of surface preparation. 

With the third part (bearing in 
mind that this division into parts is 
the reviewer's, not the authors’) we 
come to the meat of the book —a 
general discussion of the methods of 
applying metallic coatings, followed 
by chapters which discuss the com 
mon coating metals individually in 
detail. The less common metals and 
various alloy coatings are considered 
and this section concludes with an 
excellent chapter on methods of test- 
ing the performance of these coat 
ings and of evaluating them. The 
discussion of outdoor exposure and 
accelerated testing is particularly 
good, and should be required read 
ing for those whose sole criterion of 
performance is the salt-spray test 

The last two parts consider simi 
larly the chemistry performance and 
application of organic coatings, and 
the special topics of chemical con 
version coatings, rust preventives 
vitreous enamels, and inhibitors 

It is not possible to comment on 
each of these chapters individually 
but detailed examination of those 
sections which the reviewer feels 
particularly competent to judge re 
veiled a gratifying absence of error: 
and, on the positive side, an excel 
lent summary of the properties, ap 
plications, performance and testing 
of metallic coatings. Literature refe1 
ences as late as 1954 were found 
but for practical purposes the book 
may be said to be approximately up 
to date as of December 1953 

No book is perfect, and a few com 
ments on the less praiseworthy as 
pects will not detract materially 
from the general excellence of this 
one. Although in Chapter 1 the 
authors are careful to use the term 
“basis” metal in accordance with 
best present usage to mean the metal 


being coated (as differentiated from 
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New “all-electric” Baldwin SR-4° Testing Machine at Universal-Cyclops 


measures electrically both tensional loads 
and strain on “SUPER ALLOYS” at 2200’ F. 


In the modern laboratory of Universai-Cyclops Steel 
Corporation, Bridgeville, Pa., “super alloys” for high 
temperature service are being tested at 2200° F. by a 
unique new Baldwin machine. Model FGT SR-4 is elec- 
trically powered and measures electrically both applied 
tensional loads and resulting specimen strain. 

SR-4 load cells at the bases of the two columns sense 
loads up to 50,000 Ib. in tension or compression. These 
cells control both the load indicating pointer and the 
recorder pen movement. 

Strains of 0.160 in. diameter, l-in. gage length button- 
head specimens, measured by a SR-4 type extensometer 
are transmitted electrically to the recorder. Close control 
of the strain rate is an important factor in these high 





temperature tests. The FGT’s motor drive's loading 
control can be regulated to vary testing speeds from 
0.025 to 9.0 in. per minute 

Univeral Cyclops is using an ingenious rotary jig to 
speed up greatly the frequency of tests at elevated tem- 
peratures. Eight electric furnaces on this jig heat test 
specimens simultaneously. Each is swung into testing 
position with a minimum of delay. This revolutionary 
new testing machine can give you automatic load reversal, 
creep tests, stress relaxation tests, shock tests as well as 
simple tension and compression. For complete detailed 
information please write today for Bulletin No. 4206 
Address Department 2724, Baldwin-Lima-Hamilton 
Corporation, Philadelphia 42, Pa 


TESTING HEADQUARTERS 
BALDWIN -LIMA -HAMILTON 








Perk 
FABRICATED ALLOYS 


2700-lb. 
jJob-Engineered Muffie 
demonstrates value 
of ROLOCK methods 


This completely fabricated-welded annealing muffle is 
13/10” long, 14” high inside, and 48” wide. The material 
is 5/16” Inconel. It is used for continuous annealing of 
copper and brass tubes at 1600°F. in a Rockwell muffle 
furnace. 


The use of homogeneous wrought alloy in an integrated 
pattern of ribs and corrugations permits relatively thin metal 
sections for rapid heat recovery and close temperature con 
trol with structural strength at tempertaure. 


Equipment engineered to the job in close cooperation 
with the customer and fabricated to Rolock’s high quality 
standards is setting new standards of performance in the 
heat treating field. 


This is just one example from our current production 
If you use muffles, furnace retorts, furnace trays or other 
heat and/or corrosion-resistant equipment, you should 
know about the services Rolock offers. Write now for our 
NEW Catalog No. G-10, most comprehensive publication 
of its kind available. 
SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 


ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN 


|) JOB-ENGINEERED for better work | 


onions Easier Operation, Lower Cost 
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Protective Coatings . . . 


“base” metal meaning opposite of 
noble), in later chapters this distinc- 
tion is allowed to lapse and the 
terms “basis” and “base” seem to be 
used indiscriminately. A small point, 
perhaps; but what is one to make of 
the statement (p. 51) about the 
veneering of base-metal plate with 
noble metals, when the term “base 
metal” is being used in both senses? 

One lack which this reviewer felt 
keenly was the absence of a chap 
ter — one which these authors would 
be in an excellent position to write - 
on choosing the proper coating for a 
given job If the reader wishes to 
learn the properties and applications 
of any given coating (zine or cad- 
mium or nickel, vinyl or what not) 
he need only turn to the appropriate 
chapter, but if the problem is turned 
around — how to select an appropri- 
ate coating for a given exposure 
he would be forced to leaf through 
each chapter, on each individual 
coating, to find the answer; nor 
would the otherwise good index be 
of assistance. The pleasure and 
profit gained by reading the book 
are not thereby decreased, but its 
value as a reference is somewhat 
impaired. 

Of actual errors or omissions the 
reviewer could find only one of any 
consequence. In the discussion of 
tin-copper alloy coatings (p. 268) 
no notice has been taken of the use 
of red bronze as an undercoat for 
nickel-chromium platings, published 
at least as early as 1952 and of in 
creasing interest since then 

To sum up, this book is an excel 
lent compendium of accurate and 
up-to-date information on the prop 
erties, applications, performance and 
testing of metallic and organic coat- 
ings used for the protection of 
metals. In the field of metallic elec- 
troplated coatings it is no substitute 
for the more detailed information 
given in such books as “Modern 
Electroplating” or the “Electroplat 
ing Engineering Handbook”; simi 
larly, corresponding works are avail- 
able in the field of organic coatings 
But as a survey of the whole subject 
it is unexcelled and will probably 
remain so for some time. It should 
be of great value to designers, en 
gineers, metallurgists — anyone con- 
cerned with protecting metallic 


parts or structures from corrosion. @ 

















Two Steels Are Fused By 
Jessop Skill To Bring You 





Better Dies At Lower Cost 








One milestone in Jessop’s drive for absolute supremacy 
in the realm of fine specialty steels is its unique ability 
to fuse together tool steel and tough, non-hardening 
carbon steel and then roll them into one solid insepara- 
ble die section. The advantages to this exclusive proc- 
ess are great. Forms resist shock better, and can be 
more readily shaped. Dowel and screw holes may be 
drilled after hardening, and cost per pound to you 
is up to 40% less than solid tool steel die sections. 
Whether or not you buy die sections, this Jessop “‘first”’ 
should interest you. A company that has the spirit 
and progressiveness to constantly search for new ways 
to serve its customers better is a good one to do busi 
ness with. Send us an order for one of the specialty 
steels shown below 





STAINLESS STEELS @ HIGH SPEED STEELS @ WON-MAGHETIC STEELS © HIGH SPEED 1001 
BITS @ WEAT RESISTING STEELS @ STAINLESS CLAD PLATES @ CARBOW AND ALLOY STEELS 
TOOL STEELS FOR SPECIAL PURPOSES @ CAST-TO-SHAPE TOOL STEELS © HIGH SPEED AND 
ALLOY SAW STEELS @ TEMPERED AND GROUND STRIP STEEL © COMPOSITE HIGH SPEED 
STEELS @ STAINLESS AND HEAT RESISTING CASTINGS © COMPOSITE DIE STEEL SECTIONS 
PRECISION GROUND FLAT STOCK © DIE STEELS--HOT AND COLD WORE 


DOP 


NY - WASHINGTON, PA. 


ES IN PRINCIPAL CITIES 


Canada Limited, Wallaceburg Toronto 
ional Corp., Chrysler Building, New York, N.Y 





You re known by the 
Company you keep... 


and the impressive list of companies 
who use ACCOLOY Heat and 
Corrosion Resistant Castings 

and keep records of their 

long service life is a very 

convincing reason why 


these castings are 





“preferred by 


industry.” RESISTANT CASTINGS 


S$ 
gree CST 





ALLOY ENGINEERING & CASTING COMPANY 


ALLOY CASTING CO. (Div.) 
CHAMPAIGN © ILLINOIS 


METAL PROGRESS; PAGE 152-B 





Pump Shafts Machined and Hardened 


















































with TOCCO Induction Heating 


TOCCO-equipped 8-spindle Acme-Gridley Bar 
Automatics at a large automotive manufac- 
turer’s plant produce vane pump shafts for power 
steering units in one completely automatic 
'* 


operation!* No handling—no hardening cost 


except power! 

A TOCCO inductor, mounted at one station of 
each automatic, hardens collars on pump shafts 
after they have been completely machined at pre- 
ceding stations on the same machine. Each in- 
stallation consists of 4 automatic machines 
equipped with inductor coils powered by a 50 


KW, 10,000 cycle TOCCO unit. Production 
from each installation is 360 shafts per hour. 


Shafts are made of C 1144 and only the collar is 
hardened to prevent scoring the seal. TOCCO’'s 
rapid heating confines the hardened area to the 
surface of the collar leaving the rest of the shaft 
unaffected. 


If your products or their components re- 
quire heat treating, soldering, brazing or heat- 
ing for forging, it will pay you to investigate 
TOCCO for better, faster production at lower 
unit costs. 


* A Patented Process 


THE OHIO CRANKSHAFT COMPANY 


Mail Coupon Today 


NEW FREE 


THE OHIO CRANKSHAFT CO. 
BULLETIN 


Dept. R-12, Cleveland 1, Ohie 


Please send copy of * 
of TOCCO Ine 
Heat Treating.” 


Typical Results 
uction Hardening and 


Name 
Position 
Company. 
Address 
Zone State 
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J-M BLAZECRETE 
builds longer lasting 
refractory linings... 


That’s why it pays you to use this hydraulic 
setting refractory for temperatures to 3000F 


Blazecrete* linings last longer because 
they resist spalling, withstand slagging 
action, and are not harmed by rapid 
temperature changes. 


Thus you cut down on refractory 
maintenance costs—and you save on 
labor cosis, too, because Blazecrete goes 
on fast. For troweling, just mix Blaze- 
crete with water as you'd mix ordinary 
concrete ... then slap-trowel it in place. 
When guoned, it adheres readily with a 
minimum of rebound loss. Either way, 
Blazecrete may be applied easily with- 
out laborious ramming. or tamping. 


Three types of hydraulic-setting Blaze- 
crete are available. All harden on air 
curing, do not require prefiring. They 
are furnished as a dry mix—can be 
stored safely for use as needed. 


3X BLAZECRETE—For temperatures 
through 3000F. Unusually effective for 
heavy patching, especially where brick- 
work is spalled or deeply eroded. Excel- 
lent for forge furnace linings, lime kilns, 
*Reg. U.8. Pat. Of. 


? 
> 


Whether you gun it... 


burner blocks, soaking pits, and indus- 
trial boilers. 


STANDARD BLAZECRETE—PFor tem- 
peratures through 2400F. Makes repair 
work easier and less costly. Can be used 
by boiler manufacturers to replace fire 
clay tile in wall construction. Suitable 
for use in combination with 3X Blaze- 
crete and L. W. Blazecrete. 


L. W. BLAZECRETE— For temperatures 
through 2000P. An insulating refractory 
..» light in weight, low in thermal con- 
ductivity. Adaptable and economical for 
many other applications. 


Send for Brochure RC-28A on Blaze- 
crete and its companion material, Fire- 
crete*...the hydraulic-setting castable 
refractory for making 
special shapes and lin- 
ings. Write Johns- 

Maaville, Box60,New 
York 16, N.Y. In 
Canada, 199 Bay St., 
Toronto 1, Ontario. 


( 
or slap-trowel it... if 


{ 


Johns-Manville BLAZECRETE 





BUILDS BETTER REFRACTORY LININGS 
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Toughness . . . Stor p. 12 


these steels have led to the first lim 
ited approval by the A.S.M.E. Boil 
and Pressure Vessel Committee for 
their use in pressure vesse ls 

Stainless steel containing about 
12% chromium and 0.1% carbon 
Type 403, is widely used in the 
tempered martensitic condition a 
turbine blading 

Precipitation hardened _ stainless 
steels probably stand at the highest 
commercial alloy end of low-carbon 
martensites. Many of these involve 
three-stage treatments: an austenite 
conditioning treatment, transforma 
tion to martensite and additional 
hardening of the martensite by pre 
cipitation of another phase Several 
such steels are based on modifica 
tions of the basic Type 301 (nomin 
ally 17% Cr, 7% Ni and 0.1% ¢ 

Type 301 itself is very widely 
used as a high-strength construc 
tional steel in the lightweight trans 
portation industry When cooled 
from high temperature, it is normally 
austenitic at room temperature. It is 
however, so unstable that it very 
readily transforms when plastically 
deformed; and as this transform 
tion occurs by the martensitic mec! 
anism, the product is really low 
carbon martensite though commonlh 
termed ferrite 

In summarizing this survey of 
low-carbon martensites two unique 
characteristics are pal imount 

1. The high temper iture range 
martensite formation leading to 
()-tempering during quenching re 
sults in less residual stress, less dis 
tortion because volume change at 
transformation is less, and very littl 
retained austenite, thereby virtually 
avoiding delayed hardening stresse 

2. Cementite, which begin 
form during Q-tempering 
first and, at present knowledge, the 
only carbide formed on tempering 
except for alloy carbide in highes 
alloy steels 

Low-carbon martensites combine 
strengths up to 200,000 psi. with 
excellent toughness and optimum 
combination of flow resistance and 
ductility. These properties when 
adjusted to suitable formability and 
weldability, and enhanced in some 
stainless steels by exceptional corr 
sions resistance make low-carbon 


martensites among the most versatile 


ot stec ls. r ] 





“CITIES SERVICE STAMPED OUT 25% 


OF DIE MAINTENANCE LABOR COSTS” 


“Increased tool life 50%, lowered production 
costs,’’ says the Toledo Pressed Steel Company. 


| cating 600 to 700 tons of steel per month. Toledo 
Pre ed Steel 


in Toledo, Ohio 


using Cities Service drawing oils for nine year 


drawing and st imping operation Previously 


everal d ferent comp unds, But now with Cith 

iwing oils, we have increased tool and « 
From its 78 punch and draw presse 50%, which, of course, | 
come truck flares, road In additic 
ction torche radio and televi 


one of the largest st imping 


OM Parle mt adr 
a lowered production ¢ 
n. they ha e reduced dic 
on par Te cost bout 25 comp red t 
ngs for the automotive industry 


fer the bor 


ral from five to 500 tons maintenance 
ur former ¢ 


Volunne operation? You bet! the kind 


mit lubrication makes a big mark ir A Citic ‘ ‘ ibrication Engineer can hel; u 
mn. And the right lubrication for Toled chieve sir ul n your operation Wh ot call 
been Cities Service Lubrication ‘ 


itth iti . 


j er {) ( 
SuaVs Plant Manager V ilter Baird v¢ i ‘ rT ! Wa ‘) ' 


ompan sixt 


Road Construction Torches Plant Manager Walter Baird 


one of the many products of wit! 


ledo’s 78 pun h and draw pre 
These torches cost less to 
duce due to firm © of ¢ 
Ser 


CITIES @ SERVICE 


QUALITY PETROLEUM PRODUCTS 
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Typical parts heat 
treated in Hevi 
Duty furnaces at 
the Union Special 
Machine Co 


UNION SPECIAL 
heat treats precision parts in 


HEVI DUTY FURNACES 


@ Over 100 different 
heat treating operations are re- 
presented in one Union Special in- 
dustrial sewing machine. All the 
carburizing, dry cyaniding and 
bright annealing of precision 
ground shafts, bearings, journals, 
castings and eccentrics is done in 
versatile Hevi Duty Vertical Retort 
Furnaces 


HEVI 


Walter Weinwurm, chief metallur- 
gist at Union Special, says ‘Our 
Hevi Duty furnaces do an excep- 
tionally good iob of heat treating 
precision parts. The work comes out 
of the furnaces clean with no scale 


or oxidation,”’ 


Learn more about Hevi Duty verti- 
cal retort furnaces — write for your 
copy of bulletin HD-646 today. 


DUTY ELECTRIC COMPANY 


MILWAUKEE 1, 


WISCONSIN 


Heat Treating Furnaces... Electric Exclusively 


= Dry Type Transformers 
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Evolution of Efficient 
Immersion Pyrometers 
for Openhearths* 


EMAND for more frequent tem 

perature readings at “slag off” 
during refining and at tapping of 
openhearth furnaces has forced the 
improvement of immersion pyro 
meters at the Appleby-Frodingham 
Steel Co. in Great Britain. The 
seven-furnace Appleby shop for in 
stance, currently schedules over 12 
000 readings annually from its six 
pyrometers on three-shift service 
Additional te mperature checks are 
being required before slag-off in 
baths which are relatively cold, ne 
cessitating prolonged immersion of 
the pyrometer to obtain a steady 
reading, thereby further increasing 
the service requirements of the 
equipment, 

Principal challenge has been to 
find a suitable stable electrical in 
sulation which could be applied to 
the thermocouples to minimize main 
tenance. Early designs had reels of 
reserve platinum and platinum-rho 
dium wire at the handle end, with 
the wires running down glass fiber 
sleeves in the body tube to the im 
mersion end. Here they were bent 
at right angles in glass tubing packed 

The ilica body 


tube was insulated by first wi ipping 


in asbestos wool 


with | l-in. steel wire 
which was pasted i 
refractory cement 

Several improvements fo 
quickly on this initial ar ingemen 
Wire contamination was reduced | 
designing a steel liner tube t 
vent the wire being affected by the 
reducing atmosphere of the carbon 
block housing at the immersion end 
In addition, all steel component 
were degreased and annealed in ai 
before use to remove all oil o1 grease 
is sources of sulphur Asbestos wool 
used to ram the sheath or dipping 
tube was burned off at about 900° 
F. before insertion 

The most prevalent cause of “no 
readings’ was shorting, resulting 
from the wires penetrating the glass 
fiber sleeve Frequently it was found 
impossible to pull up new wire from 
the reels because of friction in the 

*Digest of “Open-Hearth Immer 
sion Pyrometers”, by A. Goodall, 


Journal of the Iron and Steél Insti 


tue, Vol. 180, July 1955, p. 247-254 





Niagara Falls, N.Y... Plant 


Vorvanton, \.C., Plant 


Yours «+> 
For The Asking! 


GRAPHITE USERS should be interested in having a copy of our 
recently issued brochure Engineered Performance. 


The brochure points out the growing graphite electrodes, anodes, mold stock 


significance of graphite in electric- and specialties, 
furnace and metal-casting operations. 


It tells an illustrated story about our ¢ Let us know, on your company 


plants, our processes and our products. letterhead, if you would like a copy 


And it presents some of the reasons of this informative brochure —we will 


why GLE customers can rely upon tis send one to you promptly with our 


in supplying their requirements for compliments. 


ELECTRODE EGLC3 DIVISION 


GRAPHITE ELECTRODES. ANODES. MOLDS and SPECIALTIES 


ADMINISTRATIVE OFFICE: 18 East 48th Street. New York 17, N.Y. 
PLANTS: Niagara Falls, N.Y., Morganton, N.C. 
OTHER OFFICES: Niagara Falls, N. Y., Oak Park, IL. Pittsburgh, Pa. 


SALES AGENTS IN OTHER COUNTRIES: Great Northern Carbon & Chemical Co. Ltd., Montreal, Canada 
Overseas Carbon & Coke Company, Inc., Geneva, Switzerland; Great Eastern Carbon & Chemical Co. Inc. Chiyoda-Ka, Tokyo, Japan 
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reasons why 
you can buy 


confidence 
1 


SPECIFICATIONS — We rigidly adhere to 
your standards . . . or we will analyze 
your needs and furnish metal for your 
specific requirements. 


2 


QUALITY — Consistent . . . we cast and 
roll our own metal; our step-by-step qual- 
ity control assures you of the finest in 
metal plus the most from each pound. 


3 


SERVICE — We handle your order as if 
you were here in person. Call us for serv- 
ice — we go all out. 


4 


DELIVERIES — We ship on schedule. 





me D2.ume & A\twoop 


MANUFACTURING COMPANY 
THOMASTON, N. ¥. Office: 
CONN. 220 Broadway 
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Pyrometers . . . 


reels, dragging in the slack lengths 
of sleeving, or snagging in the glass 
tube bends. 

In a later model, reels of spare 
wire were discarded in favor of an 
asbestos cement magazine unit 
placed in the right angle bend near 
the hot junction. Wires in the body 
thus became stationary and abra 
sion of the sleeve insulation was 
avoided. However, the glass fiber 
sleeving tended to break down and 
become hygroscopic after being sub 
jected to temperature of about 570° 
F. By changing to oval twin-bore 
clay insulators retained in registe: 
in an oval steel carrier tube, com 
pletely free wire passage was as 
sured from the reserve wire supply 
which was moved back to a reel box 
at the handle end. 

Next ste p was to try outer sleeves 
of carbon block instead of the ce 
ment paste layer, but there was a 
limitation on the thickness of such 
insulation in order to keep over-all 
weight in the neighborhood of 40 
lb. A further disadvantage of the 
carbon-covered tubes was that, after 
an immersion, a thermocoupl could 
not be picked up, even with leathe 
gloves for about 20 min. This was 
too long a wait in a seven-furnac 
shop Hence a switch was mad 
back to the cement paste coating 
in combination with the twin-bor« 
wire insulators. The latter were tried 
in both thin-wall and thick-wall 
mullite as well as in cement asbes 
tos which gave the best performance 
However since the asbestos was 
available only in sheet form the cost 
of machining the oval tubes. proved 
prohibitive 

A later design revision was made 
in the end pipe, consisting essentially 
of pinning the carbon block carrying 
the hot junction wires to the end 
pipe. When metal penetration o 
curs, the cotter pin is withdrawn 
and the block may be salvaged 
Without unthreading it from the 
pyrometer, the end pipe is then 
sawed off at such a position as to 
clear metal penertation. The wire is 
recovered by acid treatment. The 
element wires having been cleared 
the old end pipe is removed, the 
wires are drawn up to the correct 
height and a new end pipe is fitted 
This procedure reduced the amount 


of wire removed from the pyrometer 





From Vacuum Melting — improved alloys with exceptional properties 
...higher IMPACT RESISTANCE, for example 


Here’s another important advantage of vacuum means purer metals 


that are stronger, tougher 
melted alloys substantially higher impact re 


closer to their theoretical limits of propertie 
sistance ... over 25 times greater, for example, : 

: Vacuum Metals Corporation, pioneer in de 
in one grade of stainless steel 


velopment and leading producer of vacuum 
Tensile strength, stress rupture strength at 


‘elevated temperatures, fatigue life, ductility, 
uniformity, and fabricating characteristics are 
improved, too, by vacuum-melting 


melted metals, now can promptly supply them 
in tool, high-speed, stainless, and alloy steels 

in most sizes and grades es well as special 
ferrous and nonferrous alloys. For help with 

Here’s why Vacuum-melting literally sucks metal problems that vacuum-melted alloys might 
gaseous impurities from the molten metal . solve, please write us, describing them in as much 
removes inclusions and gases that limit the per detail as possible. Vacuum Metals Corporation, 
formance of conventional air-melted alloys. That P. O. Box 977, Syracuse 1, N. Y 


VACUUM METALS CORPORATION 


Jointly owned by Crucible Steel Company of America and National Research Corporation 


DECEMBEI 





to lower production costs 


. 
- 


5% Chrome Air Hardening 


TOOL STEEL 





Case history after case history tells us that Darwin's MINEOR is the top 
performer in its price bracket. Used as recommended by our engineers, Darwin 
MINEOR has proved time after time that it will outperform and outlast com 
petitive steels. We'd like nothing better than to have you make us prove these 
claims—by calling a Darwin sales engineer . . . by making a side-by-side 


comparison in your tool steel application. 


Complete line of highest grade Tool Steels, including PRK-33, DARWIN No. 1, NEOR, 
MINEOR, OHT, “MT6” and various grades of Hot Work Specialty Steels. Furnished in Bar 
Stock, Bet and Sand Casting, Drill Rod, Flat Ground Stock and Tool Bits. Bulletin on Request. 


DARWIN & MILNER Inc. 


2345 ST. CLAIR AVENUE * CLEVELAND 14, OHIO 


ST AVENUE COLUMBUS onto . 


REPRESENTED BY 
TIV STEEL & WIRE CO, CHICAGO + DETROIT + ST. LOUIS + INDIANAPOLIS + TOLEDO + MiLWauKEt 
* MG. OPP COMPANY, MEW YORK CITY + PECK STEEL & DIE SUPPLY COMPANY, LOS ANGELES + 
CHARLES ©. WEBSTER, PLAINVILLE, CONNECTICUT + CHARLES W. BRINGMAN, ORLANDO, FLORIDA 
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Pyrometers . . . 


following metal peneti ition 
sheath breakages 

It has been concluded that k 
wear and tear on the element wires 


and a reater wire recovery are 


realized 


by placing the wire supply 
on reels at the handle end. However 
the full advantages of this method 
are gained only when a strong, per 


manent electrical insulation has beet 


perf ted 4. H. ALLE: 


Zirconium .. . 


Starts on p. 81 

extruded rods were vacuum annealed 
at 750° CC. (1380° F for 30 min 
With 80-mesh powder the Rock 
well hardness was B-83 to 85, wher 
as + 80-mesh powde produced 
somewhat softer rods, B-76 to 80 
These Same materials when are melt 
ed were B-94 and 89 respectively 

This zirconium can also be hot 
rolled at 775° ¢ 1425” |} into 
strong, dense sheets. To do this, cold 
pressed compacts made from —80 
mesh powder were jacketed in mild 
steel containers and hot rolled a 
total of 80% reduction, resulting in 
full-density sheets. After a |-hr. va 
uum anneal at 750° ¢ the sheet 
showed a hardness of B nd had 
i transverse rupture engtl of 
200 000 psi 

Conclusions — Zirconium is a metal 
of pertinent interest to designers of 
nuclear reactors. Its special nuclear 
characteristics guarantee this interest 
for years to come. The technolog 
ind art of fabricating solid shape 
have been worked out Powder 
metallurgy constitute i significant 
part of this development Solid zir 
conium bodies can be fabricated by 
powder techniques to posses phy 
ical and mechanical properties ip 
proaching those obtained on ar 
melted and worked metal. Hig! 
quality parts can be produced using 
very practical temperatures, time 
and pressure 

Since the metal is highl reactive 
with most gases at fairly low tem 
peratures special technique s had t 
he developed to handle the powders 
ind compacts The knowledgs 
gained from this work will be f 
considerable value to investigators 
ce iling with other reactive metals 


The advantage of pressit nad 
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PROBLEM: 


Chill-cast rejects at Draper Corporation due to (1) Embrittlement (2) Over-all hardening 


SOLUTION: 


G-E Induction Heater Cuts Rejects 95% 
By Pinpoint Hardening Cast-iron Parts 


The East Spartanburg, S. C. division of 
Draper Corporation was having difficulty 
controlling the hardening of cast-iron 
parts. Their old chill-cast hardening 
method forced them to reject many of the 
parts, which were overhardened and 
brittle. In addition, they had no way of 
controlling the size of the area to be 
hardened. This made drilling and tapping 
operations difficult 
possible 


and frequently im 


SINCE INSTALLING A 20-KW G-E induc 
tion heater in their production line, they 
are able to cast the parts, drill and tap 
them while the cast iron is still soft, and 
then selectively harden only the area of 
greatest wear. This “pinpoint”’ hardening 
reduces the heated area of the parts by 


70-90%. As a result, 
cut 95%, 


Draper 


rejects have been 
costs are reduced, and the 
Corporation is producing a 
product of uniform high quality. 


THE COMPLETE SATISFACTION of Draper 
Corporation with their General Electric 
induction heating equipment was ex 
pressed by Mr. Fred Burgess, Plant En 
gineer: “Our G-E induction heater has 
been in operation for over five years 
During that time we have greatly reduced 
manufacturing costs because of our 
decreased scrap losses and 
Maintenance of the heater 
hasn't been any problem, either. We just 
couldn't ask for any better service than 
we've had from our G-E equipment.” 


increased 
production 


GENERAL @@ ELECTRIC 


WATCH FOR ANNOUNCEMENT 


of General Electric's complete 
NEW line of electronic 


induction heaters 





For application assistance, contect your 


neorest G-E Apparatus Sales Office or send 
coupon for free bulletin GEA-4945 


General Electric Company 

Apperatus Sales Division, Section 1722-2 
Schenectady 5, New York 

Name 

Position 


Compony 


City 











VAW D3 RLOY 
is the answer. 


Connecting rods, power cylinders, shafts, rods—i.d. 
or o.d. surfaces—all can be restored to design di- 


mensions by the application of VANDERLOY. 


- 

YAW D3 LOY an electrolytic iron that 
bonds atomically with 
most ferrous metals, alum- 
inum, copper, nickel and 
their alloys. 


Write for additional information on this NEW reclamation service. 


Dept. M-2, VAN DER HORST CORPORATION, Olean, N. Y. 





i 


TERRELL, TEXAS 
OLEAN, NEW YORK 
LOS ANGELES, CALIFORNIA** 


HILVERSUM, HOLLAND 


* SparTan Engineering 


*Patents applied for West Coast Licensee 
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Lirconium .. . 


tering zirconium hydride has been 
clearly brought out i technique 
which ought to be of value for othe: 
metals, such as titanium and vana 
dium, which readily form a hydride 
The powder metallurgy of zi 
conium and the evaluation of the 
products are not so highly devel 
oped as for beryllium. This is large ly 
due to the earlier interest in bery! 
lium. More work is needed on the 
various methods of preparing zircon 
um powder the techniques ot 
consolidation, and a detailed evalua 
tion of the physical, mechanical and 
chemical properties ot the finished 
parts. No work has been done 
the preparation of zirconium alloy 
by powder techniques, and in view 
of the beneficial effects of small 
alloying additions to zirconium, this 


too. offers a fertile field for study rs] 


Variables in Seam 
Welding Low-Carbon 


Steel * 


JURTHER light on basic procedurs 
for the fabrication of pressure 
tight lap seam welded joints in low 
carbon sheet steel has been shed by 
recent research studies at the Uni 
versity of Texas. The work covered 
resistance seam welding of hot 
rolled pickled and oiled, rimmed 
S.A. 1010 steel, in three thick 
nesses — 0.031, 0.049 and 0.078 in 
respectively welded under varying 
conditions of current, time and el 
trode force particularly it higher 
current values 

A series of “pillow test specimen 
ranging in size from 6x 6 to 10x 10 
in., was made for each run. The test 
is hydrostatic in nature with twe 
sheets seam welded around the edges 
and then attached to pumping equip 
ple 
| 


ment by means of a small pipe nip 
welded to one sheet. If the wel 
pressure tight, failure usually will 
occur on an inside edge of the seam 
Additional specimens for micré 
structure examination, radiogr phic 
tests and weld nugget propertic 
were prepared in the form of strips 
| in. wide Continued on p. 164 

*Digest of “Seam Welding Low 
Carbon Steel”, by M. L. Begemar 


and Gene C, Walker, Welding Jou 
nal, Vol. 20, March 1955, p. 123 








jal. Cold Heading Wire 


will help you get highest quality finished 
parts at increased production rates and 
lowest manufacturing costs. 


It will satisfy exactly your requirement 
for precise chemical grade and physical 
characteristics, surface quality, finish 
and outstanding uniformigy— all of which 
insure best heading performance 


J&L Cold Heading Wire is tops in quality 
competitive in price. 


Sones ¢ Laughlin 


STEEL CORPORATION — Pittsburgh 
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CHRYSLER 
builds-in Quality 


ante e ilipee—mm +” 


a 


.. .withitite ai@ of the 


RCA ELECTRON MICROSCOPE 


Figure | shows the microstructure of a steel after it has been quenched at 509° F. The 
specimen is shown in Figure 2 after reheating for one hour at 800° F. An original avt 
paint surface is shown in Figure 3; Figure 4 is the same surface after the binder hos b 
down and free pigment particles have appeared, forming a whitish surface layer 
In producing its great line of cars “with the forward look,” 
the Chrysler Corporation uses the RCA Electron Microscope 
to inspect many of the materials. These studies cover steel, 
paint finishes, rubber parts, metal powders, brake linings, 
and the extremely fine colloidal particles used for reinforc- 


ing fillers in plastics and rubber. 


The investigations, which are headed by Dr. D. M. Teague 
of the Chrysler Physical-Chemical Research Department, 
also have been broadened to include foundry smoke and 


the effect of wear upon metallic parts. 


RADIO CORPORATION 
of AMERICA 













More and more the use of the RCA Electron Microscope 
is becoming mandatory throughout industry for the 

high magnification and resolution it affords. Find out 
how the Electron Microscope can help you . . . to 
determine the structure of materials, control quality, 
cut costs, save time, accelerate development 
work. Installation supervision is supplied 
and contract service by the RCA Service 
Company is available, if desired. For 
complete information, write to Dept. 

Z-72, Building 15-1, Radio Corporation 

of America, Camden, N. J. in Canada 

RCA VICTOR Company Ltd., Montreal 
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Seam Welding . . . 


Welding equipment was a 250 
kva. friction-driven circular seam 
welder with separate electronic con 
trol using two ignitron power tubes 
Electrodes, of copper alloy, were 
in. thick 


double beveled to provide a tace 


each 10 in. diameter, % 
width of % in. for 0.031-in. steel 
5/16 in. for 0.049-in., and % in. for 
().078-in. sheets 

Instrumentation included mean 
for measuring electrode force, weld 
ing speed and welding current. The 
latter is the most difficult to gage 
because of the use of partial current 
wave forms and interrupted pulses 
For work with essentially full-wave 
continuous current and with inte: 
rupted current of at least two cycles 


on-time, a pointer-stop ammetet and 


current transformer were employed 
For inte rrupted current of one cyck 
on-time and with partial vave con 
tinuous currents, the pointer-stop 
ammeter was checked by an air to 
roid around a current-< iryving arn 
of the welder with suitable integrat 
ing circuit and oscillograph 

rhe five variables to be considered 


n seam welding are current mays 


nitude, heating time, cooling time 
degree of force between electrode: 
ind welding speed Good welds call 
for the proper control or setting of 
each variable however test di 
close that for each factor the opti 
mum condition is not fixed but 
rather covers a fairly wide range 
Choosing the best position in the 
range is governed by the other varia 
bles and in some instances may be 
a compromise with the other factor 
to obtain desired weld qualities 
Currents for seam welding must 
be slightly higher than for spot weld 
ing because of the shunting effect of 
adjacent overlapping spots. Current 
is increased as welding speed oi 
thickness of material is increased 
Limiting factors in stepping up weld 
ing speeds include electrode pick 
up, porosity due to weld cooling 
without proper pressure, and weld 
with insufficient nugget overlap 
Criteria tor satistactory seam 
welds are basically three: minimum 
porosity; enough nugget overlap to 
insure tight welds, and reasonabk 
allowance for deviations in welding 
variables to effect uniform results 
Established standards specify nug 


weld 


get overlap of 15 to 20% and 








1 flamatic hardens 3 different camshafts 


Cast-iron camshaft lobes Flamatic-hardened to 
Rockwell C 52-53; at depth of 4” 


' 
’ 


Tur irawings above show the three camshafts that a large 
1utomotive manufacturer asked Flamatic to harden selectively 
on a single machine. The close-up at the right shows how 
Flamatic flame hardening solved the problem through simple, 
ingenious tooling. The machine achieves high production, yet 
et-up changes take less than 15 minutes. The operator posi 
tions the water-cooled shield, sets the selector-switch for the 
proper flame head, and adjusts the work-holding fixture. The 


cycle is then automatic except for loading 


This is another case out of hundreds showing how Flamatic 
selective hardening provides rapid heating and precise tem 
perature control which results in high production and uniform 
performance over a wide range of parts. Write for Catalog No 


M-1861, or send us part prints for analysis 


PROCESS MACHINERY Division 


2 
opm flamatic 





Before you hang up, 


your order for alloy steel bars, 
billets and forgings, in whatever size, shape 
and treatment you need, is 


well on its way to being filled. 


All seven of our modern warehouses are located in 
principal industrial areas ...near you. Each one is well- 
stocked: equipped to fill your alloy steel requirements 
promptly, whether you need standard AISI, SAE or our 
own special HY-TEN steels—“the standard steels of to- 
morrow”. Every warehouse, too, is staffed with experts in 
metallurgy who are ready to serve you. 

Write today for your FREE copies of Wheelock, Lovejoy 
Data Sheets. They contain complete technical information 
on grades, applications, physical properties, tests, heat 
treating, etc. 


near you... 
Warehouse Service — Cambridge « Cleveland « Chicago 
Hillside, N. J. « Detroit « Buffalo ¢ Cincinnati 


In Canada —Sanderson-Newbould, Ltd., Montreal and Toronto 


WHEELOCK, LOVEJOY & Company, INC. 





134 Sidney Street, Cambridge 39, Massachusetts 
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Seam Welding . . . 


penetration averaging 45 to 50% of 
the original sheet thickness 

Heat produced in seam welding 
by the passage of current has three 
sources. First, the contacts between 
electrodes and work have a certain 
resistance and thus produce heat. Ai 
these points heat is held to a mini 
mum by the use of copper alloy ele« 
trodes; it is dissipated by rapid cool 
ing of electrodes and the weld area 
usually by external flood cooling with 
water. Second, the column resisti, 
ity of the metal being welded gen 
erates heat. Near the interfaces of 
the pieces being welded it cor 
tributes to the welding process 
while the heat that is generated near 
the outside is carried away by the 
cooling water 

rhird source of heat is the resist 
ance of the pieces being welded at 
their interface. This heating plus 
that from the internal resistance of 
the metal, melts the metal-in a local 
ized region, producing fusion at the 
interface. When current is high 
enough to cause fusion, nuggets of 
weld metal are formed. With inter 
rupted current, these nuggets may 
be varied from individual welds, a: 
in the roll spot welding process, to 
a series of overlapping welds, as in 
seam welding 

As welding current is increased 
the failure pressure in the previous! 
mentioned pillow specimen in 
creases to some maximum value, de 
pendent upon the thickness of the 
material and size of the test speci 
men. Current values in excess of 
those giving full strength serve t 
increase penetration and overlap but 
add nothing to strength of the welds 
The minimum current which will 
produce full-strength welds gives 
nugget penetration of about 30% 

Increasing electrode force or pres 
sure gives greater nugget penetra 
tion up to a certain point where 
penetration starts to decrease as the 
result of widening out of nugget 
Good welds are made on 0.078-in 
sheets with electrode force of 1500 
lb.; on 0.049-in. material, 1050 Ib 
and on 0.031-in., 700 Ib 

With respect to weld time, it was 
determined that welds of good qual 
ity were produced in 0.078-in. stock 
with a heat time of 6 cycles and a 
cool time of 5 cycles; in 0.049-in 
material with a heat time of 4 and 





teel Fopies 


BETHLEHEM TOOL STEEL 


ENGINEER SAYS: 
Retemper I ools 
After Grinding 
No matter how carefully performed, 
grinding operations on hardened too 
i generate residual stresses in the 
tools. But as tools already contain resid 
ual stresses after they are quenched, an. 
additional stresses are likely to eause 
trouble Now, if the eombined stress 
are sufficiently high, cracking may oceu 
during grinding, which makes it easy to 
locate the ouree of the trouble But 
the combined residual stresses are just 
below the ultimate strength of the ste« 
eracks will not appear for the time ben 
Instead, the tools are ipt to erach 
sequently, a wv appheation of nm 


tre ‘ 


mend reduein 
hy retemperit 
atter grindin 
r temperatu 
perm 


ocedure, 


Notching Die Made of Bearcat 
Gives 7 Times Greater Output 


anufactured rood account of ther 
of the country up to 10,000 pieces before be 


Lime the out 


outhe 
a windshield garnish molding for a placed That’ even 
popular make of automobile. The mold obtained from the dies before 
ing 1 prod wed from cold-rolled steel, to Beareat 
0.020 in. thick. It 1s formed by a notching urprising? 


die, hardened to Ko« ell ¢ La) 


With the grads ) hoek-resisting 


~ Ix | 
, onl i y chall 


former! med for the die, a mpleatio jearcat a superior 


of 1400 piece vas produced grade of air-hardet 
ve oceurred Kecause of the i except onal 


» well uited 


re 
the applheat on. th Vas con 


ne or eee: | oe eee eee oe BLANKING DIE 


tial. Beareat 
F amgaitarresar’ ear FOR HANDBAG HANDLES 

and short-run di din eold-for ! | blar r dis mi by Weather 
blanking and bending 

The best wa 
a job Bearcat 
work on some d 
You ean ordet 
local Bethleher 


aino ear 





METAL 


hl Gol Kit’ You coi? 


th WF bith Wik 2. 


Bridge plates of cold rolled Riverside Phosphor Bronze 
yet another example of the ma 
“Workhorse” of the copper-base all 
But the mere fact that an all 
sufficient, To do the best job the al 
of che right composition and cl 
Helping you get 
specific needs is one of our 
product you make, what it must 
cating method, and then 
than a century of « perience with non-ferre 


go to work tor yv« 


THE RIVERSIDE METAL COMPANY DIVISION 


H. K. Porter Company, Inc. 


Philadelphia « East Orange,N. J. « Rochester, N.Y 
Hartford « Cleveland + Chicago « Detroit 


Riverside, New Jersey i 
© 
” 


K PORTER COMPANY inc 
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Seam Welding 


cool time of 3 cycles; and in 0.03] 
in. material a heat time of 3 and 
cool time of 2 cycle: 

Welding speeds up to 200 in. per 
min. were possible with the seam 
welder used in these tests. The 
principal difficulty encountered at 
higher speeds Was severe burning 
of the metal with resultant electrod 
pick-up. In welding with continuous 
current speeds of 200 in. per min 
were readily achieved on 0.031 and 
0.049-in. steel, but 100 in per min 
was found to be the maximum for 
satisfactory welds in 0.078-in. stock 

4. H. ALLE» 


Inert-Gas Tungsten-Arc 
Welding of Pipe* 


NERT-GAS tungsten-ar¢ welding 

was first used on thin-walled pip 
ing and tubing in the chemical 
industry a few years after the end 
of the second world war. Only now 
is this process becoming accepted 
for the so-called root pa welding 
of heavy piping 

On pipe and tube joints of wall 
thickness up to % in. the entire weld 
is made by the inert gas tungsten 
are process On piping and tubing of 
heavier wall thickness usually only 
the root pass is made by this proces 
ind the rest of the weld is made by 
manual metal-are welding or by 
iutomatic welding 

The first applic ation wel! in 
stainless steel pipe and tube ma 
terials. In recent years increasing 
use has been made of inert-ga 
tungsten-ar welding of low-alloy 
and carbon steel tubing ind piping 

Various joint designs have been 
recommended. The “tl and the 
special “V”" bevel preparation with 
the “flat-land are more ostly to 
machine than the straight “V” bevel 
However, the “U” and “flat-land 
bevels allow better m inipulation of 
the tungsten electrode and faster 
electrode travel. They reduc: uscep 
ibility to cracking in the root de 


Continued on p. 170 


*Digest of “Engineering Aspect 
of Inert-Gas Tungsten-Are Welding 
of Piping’, by H. Thielsch and C. S 
Pulliam, American Welding Society 
National Spring Meeting, Kansa 
City, Mo., June 7 to 10, 1955 











Titan brass pressure die 


One of Titan's mod- 
ern automatic chuck- 
ing machines for pre- 
paring brass and aly- 
minum forgings to 
customer specifica- 
tions. Titon performs 
all types of machin- 
ing operations 


Titan machined parts 


7 


castings 


ks 


ee ~ have sparkle, 


so* 


- 2 


,”? 
wr 





METAL MANUFACTURING COMPANY 
Bellefonte, Pa. Offices and Agencies in Principal Cities 





Titan brass and bronze forgings 


economy and 
versatility 


Titan brass and aluminum hand screw machine parts 





App il and usefulne 


forgings and pressure 





Accurately machining 
ee oe i 
turret lathe Titan 
Pl wats i) Me) a 
trons cul customers 


assembly costs 


of brass or aluminum 


dee castings are in 


creased greatly by multiple drilling, reaming, 


tapping, gang-milling 


turning 


broaching of 


knurling at the killed hand of titan 


machinist 


Equipment include 


atic chucking machine 


ished machine part 


of volume 


turret lathe ind auto 


for producing fin 


quality 


economy and superb finish. For example, 


hign qu ility for ing 


ready tor a embty 


are supplied by Titan 


ilready precision 


broached and gang-milled with multipk 


drilled and tapped hol 


When mater quantitt of fabricated 


ded, Titan hand screw machine 


come into lay 


erance ind pre 


Titan Metal Manufacturing Co 


Ple end 4 


Here holding to 


requirerme nts 


hined parts 


ems and ul 
on. And send 
oklet “Behind 


Bellefonte, Pa 





FOUR More NEW cost-reducing 


Sitnbed 


STEWAR]| 


3 PHEOLL MFG. CO., CHICAGO, ILL. 


Production pot cyaniding with a simplified, easy, mechan- 
ical load and dump basket arrangement, and continuous 
automatic quench and discharge. Eliminates undesirable 
working conditions, hazards to operators, and insures 
high production. 


IMPORTANT! Make the most of your work- 


ing capital! Sunbeam's modern cost reducing 
furnaces can pay their own way with DE- 
FERRED PAYMENT plans now available under 
present tax jaw regulations. 














SUNBEAM CORP. (industrial Furnace Div.) 
" 4433 Ogden Ave., Dept. 108, Chicago 23 


We are interested in: Ne. | Ne. 2 


Ne. 3 Ne. 4 


INSTALLATIONS 


“NO DISTORTION!” 


Clean Hardening complex, delicate cutting blades 
“Must have no distortion,” but maximum surface and 
edge hardness. And a ‘wide swing’ to job lot car 
burizing large pinion gears—all in the same day's 
work, for this Sunbeam Autocarb installed in a large 
midwestern manufacturing ‘ant 


2 OLIVER CORP., YORK, PA. 


Big Production—but small lots of varied machined 
parts—requiring different cycles, temperatures, and 
atmosphere. The Answer—The Sunbeam Autocarb! 


@ SIMMONS CO., KENOSHA, WIS. 


Annealing and cooling rivets in continuous automatically 
controlled production. Replaces old style batch type 
units, expensive to operate and maintain, with uncertain 
heat treating results. Double rated capacity being 
obtained 


WINNERS — SUNBEAM DRAWING 
Booth 2018 ASM Metal Show 
in Philadelphia 
LUCKY NUMBERS—Check your ticket. These prizes 


may be claimed by sending stub with name and address 
to Sunbeam Corporation, 4433 Ogden Ave., Chicago 
23. Listed below are winning numbers. 


DRILLMASTER FRYPAN LADY SUNBEAM 
1062 1377 3357 
1930 3032 2239 
2664 2334 3939 
4001 3971 1250 

1454 
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Leading designers in the 


automotive, appliance, business 


ee yee 
¢ 
4° 


SAN AL 
ERIE 


machine, hardware, and general metal 
fabricating fields are finding it smart to redesign 


with Sharonart, It may be painted or plated 


By simply changing from plain steel to one of the 
many handsome patterns of Sharonart, the 
product takes on a new beauty that greatly 

enhances its sales potential. No expensive retooling 


required, Just change the steel and an amazing 


style change takes place 
Let us send you a copy of the new Sharonart Booklet 
It shows how many manufacturers are trimming 


their produc tion costs by switching to 


these attractive surface-rolled patterns in steel 


v 


SHARON STEEL CORPORATION . 
re rennsyivania =Q H 
© 2 ee oe oe eS Ee) ee ee ee > 


‘TTR DO) Ty . ; / a , 
AAAl JN JOILEL mi Al 
RA 
nnsy ‘ Aiba 


SHARONSTEEL i epraenaeys 
DISTRICT Please send “SHARONA 
SALES R 


If ] 





OFFICES I 
Cuicaco, CINCINNATI, CLEVELAND, i N 
Dayton, Detroit, GRAND Rapips 
INDIANAPOLIS, Los ANGELES | i 
MILWAUKEE, New YorkK 
PHILADELPHIA, ROCHESTER 
SAN FRANCISCO, SHARON i 
MONTREAL, QuE., TORONTO, ONT 

» 

















CHEMICAL COMPOSITION OF Welded Pipe... 
HARD CARBIDE INGREDIENTS OF KENNAMETAL 





Tungsten- Sonteten posit and root penetration is m 
Tungsten Titanium 


, Titonium arbide (TaC uniform. Greater skill also is required 
anny a" Carbide perm oe for welding in the conventional “\ 
(WTiC2) 5% CbC bevel than for the othe 
Tungsten (W) 92.50% (min) 67.00-71.00% of groove preparation 
Titanium (Ti) 79.80-80.20% | 18.00-21.00% Experience in laboratory and shop 
Tantalum (Ta) 93.45-93.65%* fabrication has shown that the ini 
Carbon (C) 6.05-6.15% 19.20-19.60%| 9.20-9.40% 6.35-6.55% tial enthusiasm for inert-gas tung 
Columbium (Cb) 5.00% (max) 


= — 


two type 5 














sten-arc root-pass welding was some 


: what premature. Sections removed 
*including CbC 
from commercially made pipe weld 


MAXIMUM .IMPURITY CONTENT have contained fin root cracks 


which have sometimes been further 








Free Carbon 0.05% 0.20% 0.05% 
Fe 0.15% 0.40% 0.10% 


Mo 0.10% 0.30% . sera rages. Racmggere 
Ni 0.20% tional radi graphic inspection and 


0.50% 0.50% consequently, were not removed 


prior to service 
0.20% 
0.10% 0.10% 0.10% 


root cracks and for complete oot 
0.10% 0.10% 0.10% penetration is still the use of thor 
0.10% 


extended during = service These 





cracks were not. detected by conven 


The best insurance against fine 
g 


oughly trained and experienced 
welders and rigid inspection tecl 


niques The task of welders and i: 
0.20% 
0.10% 


filler wire, inert-gas backing or purg 
0.30% ing, controlled tacking procedur 


spectors can be eased bv use of 




















and consumable insert rings 
These characteristics Filler wire 18 used for alloy steel 


susceptible to crater cracking such 


make KENNAMETAL | 3.26.20... 


should fused through the full 


thickness of the land and the ele: 
a unique material trode should be manipulated slow y 
onto the side of the groove before the 


RANGE OF PHYSICAL PROPERTIES are is broken 
OF VARIOUS GRADES Purging the underside of the joint 





Often, what is required to get an idea 
off the drawing board into production 
is a material that provides exceptional es 
physical and chemical properties. Such Specific Gravity gms/cc 11.90-15.15 with inert gas is particularly impo1 
a material is Kennametal . . . the hard tant on thin-wall tubing to avoid the 
Thermal Conductivity “ ; 
est metal made. leal/°C/em/sec) 068-.207 rough “cauliflower type” formation 
The combined properties that 
Kennametal provides shown in the Electrical Conductivity ' 
accompanying tables make this (% of Copper Standard) 4.3-10.0 sq. in. also improves the internal 
material stand uniquely alone. Each of Coeff. Thermal Expension bead contour 
the many grades of Kennametal pro (* 10°*/°F up to 1200°F) 2.5-4.0 Backing 
vide a different combination of hard (x 10°*/°C up to 650°C) 4.5-7.2 
ness, strength, and resistance to Magnetic Permeability 
deflection, chatter, torque and vibra (us Induction) 1.5.3.0 
tion, erosion, abrasion, cavitation, cor a power piping W here a smooth inside 
rosion, annealing, oxidation and shock RANGE OF MECHANICAL PROPERTIES surface is not essential 
Perhaps one or a combination of OF VARIOUS GRADES 
these characteriatics is just what you — ae el ae tn week pili 
need to get YOUR idea into produ Hardness (Rockwell A) 85-93 aes _— ~~ .% progresse 
tion. We invite vou to send for addi Hardness (Rockwell C) 67 62 They he Ip control the weld compos} 
tional information about Kennametal Hardness Hansen X 100) 700-2100 
Write to Kennamera. Inc., Latrobe, Transverse Rupture (psi) 175,000 
Pennsylvania, and ask for a copy of 385,000 
Booklet B-111 7299 





Using a pressure of about \ oz per 


rings te provide olid 
metal back up against which the 


root pass Is deposited ire used in 





( onsumable 
insert rings are fused, and mix with 





tion in the root pass and improve the 
inside contour of the weld They 
also permit greater tolerance for 
Young's Modulus of 61,600,000 
Elasticity (psi) 94,300,000 ff ; , , , 
, t and gap tolerances base« 
*Kennametal ia the registered trademark of a serws OMS€ | ! a 
f e Str th 518,000 
of hard carbide alloys of tungeten, tungsten titansam Compressiv =~ (psi) 800 01 0 the ability of the ave rage shi yp we Id 
and tantalum ‘ x0 


misalignment. A table of permissible 


on 


er to obtain consistently aces pt ible 
Torsional Strength 100,000 


(Shearing Stress psi) 184.000 welds shows that the fit up must be 


Tensile Strength (psi) To 150,000 closest for a “tight butt”. When fille 
= ” wire is used the tolerance is about 
artial Range 











twice that required without it. With 
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If you use weldments, or are contemplating their use, you 
are a potential customer of The R. C. Mahon Company. If 
you require parts or assemblies, including large, heavy 
pieces, where time and pattern cost are a consideration, 
you can turn to Mahon with complete confidence. Mahoni's 
service to users o! welded structural or heavy plate fabri- 
cations is complete from design or redesign to finished 
machining and assembling. Illustrations on this page are 
typical of thousands of parts and assemblies produced by 
Mahon for manufacturers of processing machinery, machine 
tools, and other types of heavy mechanical equipment. If 
you need weldments, or welded steel in any form, you, like 
hundreds of others, will find in the Mahon organization a 
unique source ... a source where design skill and advanced 
fabricating techniques are supplemented by craftmanship 
which assures you a smoother, finer appearing product em- 
bodying every advantage of Steel-Weld Fabrication, See 
Sweet's Product Design File for information, or write for 
Booklet showing Mahon's facilities to serve you. 


THE 8. C. MAHON COMPANY «+ Detroit 34, Michigan 
SALES ENGINEERING OFFICES in WEW YORK ond CHICAGO 


Engineers and Fabricators of Steel in Any Form for Any Purpose 


AA 


a 
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How CHACE 
THERMOSTATIC 
BIMETAL Actuates the 


Westinghouse 


AB CIRCUIT BREAKER 


Product of Westinghouse Electric 
Corp., Beaver, Pa. 























Westinghouse AB Circuit 
Breakers are made in a wide 
range of capacities and types 
to provide foolproof protection 
against electrical current faults 
in residential, commercial or in- 
dustrial wiring systems. Westing- 
house AB Circuit Breakers employ 
a thermal-magnetic action for 
sure response to gradual or 
sudden overloads and short 
circuit faults. 


HOW IT WORKS 


A Chace Thermostatic Bimetal 
element (1) responds to tem- 
porary overloads by deflecting 
in a direction away from the 
spring loaded latching arm (2) 
causing the contact rocker to 
break the circuit at contacts (3) 
in response to the same spring 
tension. Under conditions of sud- 
den, high overload, the magnetic 
trip element (4) trips the latching 
arm in the same manner. A 
simple flip of the reset handle (5) 


again closes the circuit after the fault has been cleared from the line. 


Chace Thermostatic Bimetal is available in 29 different types, 
in coil, strip, or in complete elements fabricated to your 
specifications. To aid the product designer of thermaily respon- 
sive devices, we offer a free 36-page booklet, "Successful 
Applications of Chace Thermostatic Bimetal.” Write today for 


your copy. 


W. M. CHACE CO. 


= 
* 
7, 
+ 


‘0 
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Theunorstalic Bimetal 


* 1626 BEARD AVE., DETROIT 9, MICH 





Welded Pipe... 


consumable insert rings a good weld 
can be produced with three times the 
offset of a joint made without fille: 
rod or insert 

Radiographic inspection of the 
root pass before additional layers of 
metal are deposited is recommended 
although preheating practice often 
prohibits this. The disappearance of 
root pass cracks with weld metal 
build-up is illustrated by a series of 
radiographs. A bad crack shown by 
the X-ray of the root pass is bare ly 
visible when the weld is built up to 
4% in. thick and cannot be seen in 
radiographs taken when the metal 
is over % in. thick. The final radio 
graph at full thickness, 1% in., shows 
a “perfect weld. Twenty-four illus 
trations of welds, sections and radio 
graphs were used to show the effects 
ot good and bad practice 

Dan Wuirt 


Cause of Grain Size 
Variation in Castings* 


N THIs study the authors tried to 

establish, for a cast iron of given 
composition, a relation between the 
grain size and the dimensions of 
castings of simple geometrical 
shapes cast at different temperatures 
The iron analyzed 3.40% total car 
bon, 2.70% silicon, 0.55% manganese, 
and 0.40% phospho 


rus. Grain size was estimated by in 


0.05% sulphur 

tercept method — number cut by a 
A summary of the 
tactor 


line 1 cm. long 
relative influence of the 
studied is as follows 

1. Dimension of Castings — Grain 
size decreases as the dimensions de 
crease. Grain size variation in a 
casting increases as the thickness in 
creases in relatively thin castings 
(0.10 to 0.50 in. thick) 
maximum in castings of medium 
thickness (1.0 to 2.0 in 
creases again im very thick casting 
(4 to 8 in.). 


2. Casting 


attains a 


and cle 


Temperatu De 
crease in the casting temperature 
generally results in a finer grain size 
This is particularly noticeable at the 
surface, and less pronounced in the 
center. The variation in grain size 

*Digest of “Grain Size in Cast 
Iron”, by M. Ferry and J. C. Mar- 


gerie, Fonderie, Vol. 108, January 
1955, p 4299. 





Amazing New Demonstration 
Shows How QUENCHOL 
Saves You Money! 





Ask to see 
it NOW! — 


Here is a simple way you can 
compare the quenching oil 

you now use with Sinclair 
QUENCHOL 521. In minutes, this 
new Quenchol Demonstrator 
gives you an accurate picture of 
how QUENCHOL 521 can 
improve your heat treating 
operations and save you money 
at the same time. Ask for this 
demonstration test now... right 
in your office or plant! 





Here are the results of a typical test of Quenching Ability: 
OWS TESTED COOLING POWER* ROCKWELL C HARDNESS SAE 1045 STEEL 
Competitive Oil A cee 576 : 23.5 
Competitive Oil B.. i 39.0 
Competitive Oil C . ee RS 41.0 
QUENCHOL 521 1369......... 54.5 


*Based on a recognized formula for determining relative cooling power value, Meas- 
ured as the square of the current (l*max.) as recorded by Quenchol Demonstrator. 


Field Trials Too... Prove QUENCHOL Superior! 


Numerous production tests of QUENCHOL 521 have demonstrated its superior 
quenching ability on a variety of oil-hardening steels, such as SAE 1035, 1040, 

4140, etc. All users report better results in degree, depth and uniformity of 

hardness obtained. Moreover, they report that QUENCHOL is a longer life product. Its high 
sludge resistance, low acid formation characteristics and high quenching reserve 

keep QUENCHOL from deteriorating and extend its amazing cooling power 

throughout its service life! 





To have an actual demonstration of QUENCHOL superiority, and for more information 
on this efficient new product, call your local Sinclair Representative .. . or write 

under your company letterhead to Sinclair Refining Company, Technical Service Division, 
600 Fifth Avenue, New York 20, N. Y. There is no obligation, 


ETI. 8 QUENCHING OILS 
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ABRASIVE TALK 
IS CHEAP, 


make, but putting a savings 

is something else again. Con- 

trolled "T" chilled iron shot and grit have been engineered 

ir / a.) 

hy _ to overcome the undesirable characteristics x) 

of chilled iron abrasives: You get longer life, because of a 

ductile matrix; lower maintenance costs "Xi, because 

of controlled lower BHN; yet all the speed and cleaning 

& 

efficiency you need. A 15% savings over your 
present abrasive costs guaranteed in writing 

you get a check to give you the guaranteed savings. Make 

the test without upsetting your routine: ask about the 


“electric timing device.” 


produced by 
THE NATIONAL METAL ABRASIVE COMPANY 
Cleveland, Ohio 


THE WESTERN METAL ABRASIVES COMPANY 
Chicago Heights, Illinois 
™ ” SOLD EXCLUSIVELY BY 


HICKMAN, WILLIAMS & COMPANY 


CHICAGO * DETROIT © CINCINNATI! *¢ SGT. LOUIS © NEW YORK 


CLEVELAND © PHILADELPHIA © PITTSBURGH * INDIANAPOLIS 
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Grain Size... 


in a given casting is thus greater at 
low casting te mperatures than at 
high casting temperatures 

3. Shape of Castings —The au 
thor presents three graphs showing 
how the number of grains at the sur 
face and in the center varies with 
the ratio, volume to area, for pour 
ing temperatures of 2730, 2550 and 
2375" F. The number of grains at 
the surface varies with the shape 
but this variation is much less impor 
tant in the center. It would then 
seem that the number of grains in 
the center of a casting de pends pri 
marily upon the ratio between vol 
ume and surface area. Since the 
lower part of the three curves is prac 
tically linear, where the volume-«rea 
ratio is greater than 3, the number 
of grains times this ratio is a con 
stant. Since the total solidification 
time for castings of a given shape 
varies as the square of this ratio b 
tween volume and area, the number 
of grains in the center of a casting 
is inversely proportional to the square 
root of the total solidification time 

Cooling Conditions — From cool 
ing curves plotted by the thermo 
couples inserted in mold cavitis 
no relation could be found between 
the number of grains and either the 
cooling rate of the liquid metal on 
the cooling rate just before the 
eutecti« temperature is attained 
The number of grains, in fact, can 
be related only to the temperature 
and the length of the eutectic arrest 

Experiments on 4-in. spheres indi 
cate that the average cooling rates 
in the center are practically inde 
pende nt of the three casting t« mper 
atures used 

It then seems that the only factor 
relating cooling conditions and grain 
size are wundercooling, and _ the 
length of the eutectic arrest. The 
degree of undercooling could not 
be measured, but the authors pre 
sent an equation expressing the grain 
size in terms of the length of the 
eutectic arrest. They show that tn 
a constant, in which “t” is the length 
of the eutectic arrest. 

Shearing Strength Specimen 
taken from round bars 0.6 to 2.0 in 
in diameter show that the shearing 
strength increases as the grain size 
decreases 

Solidification Mechanism De 


pending on the casting thickness and 





A few of the shapes availabie from SUPERIOR in standard specifications and tolerance 


your own design. The tube in the foreground is a gun drill shank made trom 4130 al 


Save time and money on special shaped tubing 


“SUPERIOR” TUBING IS IMMEDIATELY AVAILABLE 
IN A WIDE RANGE OF SHAPES, FORMS, ALLOYS 


Many manufacturers have discov- shapes. This newly rediscovered 
ered that SUPERIOR’s ability to supply method of producing close-tolerance 
as standard what many firms con- high-finish holes demands straight, 
sider specialty tubing saves them rigid, accurate shanks with a 110 
trouble, time and money. SUPERIOR V-groove. SUPERIOR can produc« 
makes round, square, oval, rectan- such a shape—and others—in a frac- 
gular, elliptical and flat oval tubing, tion of the time and cost it would 
for instance. It makes capillary tub- take a customer to form his own 
tubing. Over 55 analy es are avail- kind of tubing you want, SUPERIOR 
can undoubtedly help you. Write for 
able in carbon, alloy and stainless , 
your free copy ol Bulletin 40 1 
steel in nickel and nickel alloys; 
Guide to the Selection and ipplica- 
in beryllium copper, titanium tion of Superior Tubing. SUPERIOR 
Tuse COMPANY, 2008 Germantown 
The gun drill shank shown above Ave., Norristown, Pa. On the West 
and on the right is a good example of Coast; Pacific Tube Company, 5710 


SUPERIOR’S ability to supply unusual Smithway St., Los Angeles 22, Calif 


Zirconium. 


All analyses available t .” OD erta snalyses in light walis up to 7 OD 


GOCTTOr” Jab 


The big name in small tubing 


DECEMBER 





HOW SYLVANIA PRECISION-FINISHES 
A MILLION FRAGILE PARTS A DAY 


Lorco Compounds and Chips solve 
intricate finishing and cleaning prob- 
lems on small electronic components 


In Sylvania Electric's new plant in York, Pennsylvania, a million or 
more precision clectroni parts are turned out every day. Some of the 
tolerances are as close as * .0005 inch 


Meeting these high production demands alone presented a tough prob 
lem to plant engineers. But, there still remained the tremendous hurdle 
of de-burring, finishing and cleaning these myriads of tiny parts 


Hand finishing was out of the qu stion because ot tame and cost barri rs 
Experiments with barrel finishing proved that Lorco Compounds and 
Fused Aluminum Oxide Chips held the solution. Not only did they 
maintain the extremely close tolerances, but they provided the required 


low mero inch finishes and chemin ally clean surtaces as we il 


loday, an exact schedule has been worked out to control the amount 
and type of both chips and compounds for cach of the vartously shaped 
minute parts. Finished components, by the million, come out burr-fre« 
chemically clean and ready for installation 


lLarco ¢ hips and ¢ ompounds are offe ring truly did 

ing answers to the proble ms of scores of manufacturers 
for thousands of parts of all shepes and sizes 

Write for detailed information about our free sample 


processing service and your copy of the new manual 


The Lerco Method of Precision Barrel Finishing 


LORD CHEMICAL CORPORATION 


2068 SOUTH QUEEN STREET YORK 5, PENNSYLVANIA 


MANUFACTURERS OF BARREL FINISHING COMPOUNDS 
TUMBLING BARRELS — MEDIA AND AUXILIARY EQUIPMENT 
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Grain Size... 


the pouring temperature there are 
three different mechanisms of solidi 
fication 

1. In very thin castings convectior 
currents are practic aly negligible and 
the temperature gradients in the 
liquid metal are large. The whol 
casting solidifies very quickly at a 
practically constant rate; the num 
ber of grains is large and almost 
uniform through the casting 

2. In very thick castings convec 
tion is very important and the metal 
that is in contact with the mold is 
constantly replaced by hotter metal 
before solidification starts. The inner 
face of the mold soon reaches the 
temperature of the liquid metal 
even if the casting temperature 
low. When solidification starts the 
temperature gradients in the metal 
are small because the mold is very 
hot. Solidification is slow even at the 
surface The grains are Coarse ind 
ire practically uniform throughout 
the casting 

3. Before solidification starts in 
medium sized castings the sand is 
heated to a smaller extent than in 
2 above convection currents are 
less important, and temperature 
gradients are more pronounced in 
the early stages of solidification. If 
the \ A ratio is low the metal in 
contact with the mold freezes quick 
ly and the number of grains is high 
and this is more pronounced at low 
casting temperatures If the \ \ 
ratio 1s higher temperature gra 
dients in the liquid metal are small 
er and convection currents are more 
important; the surface metal will 
freeze less quickly ind the grain will 
be coarse The higher the \ \ 
ratio, the more important the effect 
of casting temperature 

In chill-cast plate the pot 
maximum grain size is closer to the 
sand side of the plate at high casting 
temperatures than at low casting 
temperatures. The solidification front 
proceeding from the chill advance 
I ipidly even at high casting temper 
atures. On the sand side of the plate 
the solidification front will proceed 
rapidly if there is little convection 
that is, if the casting temperature 
is low solidification will advance 
more slowly, however, if convectior 
is more important that is, if the 
casting temperature 1s higher ) 


ALFRED (OouUTURI 





For the continuous casting of steel... 


Koppers 
builds the first 
commercial- scale 
machine 


The continuous-casting machine illustrated 
here is now in operation at Atlas Steels Ltd., 
Welland, Ontario, Canada, This is the 
first commercial-scale installation in North 
America that, in a continuous line, converts 
molten steel into solidified billets or slabs 
it was designed and constructed by the 
Freyn Department of Koppers Engineering 
and Construction Division 

Atlas Steels’ machine is presently produc 
ing slabs and billets in three sizes. With dif 
ferent molds, this machine also could pro 
duce any desired billet section. It is designed 
to cast 35-ton heats 

In theory, this new machine could cast a 
billet or slab of steel many miles in length 
it is limited only by the supply of molten 
metal. In actual practice, acetylene torches 
automatically cut the molded steel into re 
quired lengths as it emerges from the 
machine 

Continuous casting is an economical 
short-cut in steelmaking. It climinates tine 
need for ingot-casting and stripping equip 
ment, except the ladle crane. Soaking pit 
and blooming mills can be by-passed. Also 
the Freyn-design continuous-casting proces 
can yield 10 to 15 per cent more finished 
steel per heat than conventional pouring 
methods 

Your inquiry is invited concerning the 
continuous-casting Operation or any 
other metallurgical construction problem 
you may have. You incur no obligation 


Ly 


KOPPERS COMPANY, INC. 
Engineering and Construction Division 
FREYN DEPARTMENT 


Pittsburgh 19, Pennsylvania 
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Asarco now offers continuous-cast bronzes in 32 new sizes 
from 5 inches to 9 inches in diameter, supplementing estab- 
lished sizes up to 5 inches in diameter. 

You can buy Asarcon Bronzes cored or solid in the exact 
length you need. You pay for no short-end scrap because 
there are none of the remnants you get from conventional 
12-inch or 13-inch lengths. 

Diameters of Asarco Continuous-Cast Bronzes now 
range from 2 inch to 9 inches in any size you need . . . many 


nti 


f 


Tilelelicmls 


...AN 


IMPORTANT» 


TIME ror 


USERS OF 


BEARING BRONZES 


Cast sTerelalare| Bronzes & 


nev feldelci ety 4 ot 


tO nm aiameter 


foundry alloys and a variety of shapes are available in all 
of these sizes. The famous “Asarcon 773” Bearing Bronze 


(SAE 660) can be shipped promptly from stock 

All bronzes produced by the patented Asarco continuous- 
cast process are metallurgically superior. There are no blow- 
holes or porosity, no dross or dirt inclusions. 

Write to us for more details, or get in touch with your 


nearby distributor of Asarco Continuous-Cast Bronzes. 


AMERICAN SMELTING AND REFINING COMPANY 


Perth Amboy Plant, Barber, New Jersey + Whiting, Indiana 
WEST COAST SALES AGENT: Kingwell Bros. Ltd., 457 Minna Street, San Francisco 
IN CANADA: Federated Metals Canada, Ltd., Toronto and Montreal 


, 
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ASARCON DISTRIBUTORS 


ALABAMA, Birmingham——Dixie Bronze Company, inc 
2231—27th Avenue, North 

ARKANSAS, Little Rock 
1501 East 6th Street 

CALIFORNIA, Los Angeles 
2618 E. 53rd 


San Francisco 


Arkansas Foundry Company 


Kingwell Bros., Ltd 
Huntington Park 
Kingwell Bros., Ltd. 457 Minna St 


CONNECTICUT, Guilford—-Knapp Foundry Co., Inc 
Stratford-—_The Elisworth Stee! & Supply Co 
1483 Stratford Avenue 
FLORIDA 
2937 
Miam le 
4206 N. W. 37th ¢ 
Tampa—Fiorida Metals, ir 222 N. 12th Street 
GEORGIA, Atlanta M. Tull Metal & Supply Co 
285 Marietta Street, N. W 
ILLINOIS, Chicago—Ray M. Ring Co., Inc 
4610-16 W. Washington Bivd 
Peoria—Ray M. Ring Bearing Cc 
INDIANA, East Chicago 
3481 Michigan Avenue 
Evansville—Orr tron Company, tn 
1100 Pennsylvania Street 
indianapolis—-W. J. Holliday & Co., In 
545 West McCarty 
South Bend—Powel!l Tool Supply, in 
1618 Mishawaka Avenue 
KENTUCKY 
Louisville—Williams & C« r 1109 S$. Preston St 
LOUISIANA, New Orieans—Standard Brass & Mfg. Co 
4701 Palmetto Street 
Shreveport—-Standard Brass & Mfg. C« 
27135 McClellan 
MARYLAND, Baltimore 


1655 Warner Street 


MASSACHUSETTS 
Boston—Kelco Meta! Products Co., 51 Sleeper St 
MICHIGAN 
Grand Rapids—-Copper & Brass Sales, Inc 
1855 Turner, NW 
Hazel Park—Meler Brass & Aluminum Cx 
1471 East Nine Mile Road 
Kalamazoo—-Bard Stee! and Mill Supply Co 
1125 N. Van Buren Street 
Muskegon—-Harbor Steel and 
543 West Southern Avenue 
MINNESOTA 
Minneapolis—-R. G. Eide, 200 Washington Ave., N 
missouri 
Kansas City 
St. Louis 


acksonv Florida Metals, inc 


Metals, inc 


529 S. Adams St 


Ray M. Ring Co., Inc 


Bronze Specialities, inc 


Supply Corp 


Hubbel! Metals inc 
Hubbel! Metals inc 


NEW JERSEY, Caristadt—t 
325 Washington Avenue 

Perth Amboy—Gregg's Brass Foundry 
259 Bertrand Avenue 


NEW YORK, Brooklyn—Hamsley, inc 

Buffalo—Kencroft Associates. Inc 
3173 Hertel Avenue 

Rochester——Ontario Meta 
91 Mount Hope Avenue 

Syracuse—-Meloon Bronze Foundry, Inc 
1841 Lemoyne Avenue 

Troy—-The Troy Belting & Supply Co., Inc 
Six Grand Street 


OHIO, Akron—-Akron Welding and Spring Co 

940 South High Street 
Cincinnat Reliable Castings Corp 

3530 Spring Grove Avenue 
Cleveland—Copper & Brass Sales, inc 

7711 Grand Avenue 
Columbus-—Williams & Co., Inc., 851 Williams Av> 
Dayton—The Bristol Brass Corp. of Ohio 

1607 South Broadway 
Toledo—Williams & Co., Inc 


PENNSYLVANIA 
Philadeiphia—Brass and Copper Sales inc 
310 417 Cherry Street 
Philadeiphia—Renewa 
17th and Lehigh Avenue 
Pittsburgnh—-Pennsylvania indus 
1234 Ridge Avenue 
Pittsburgh—Pittsburgh Brass Mfg 
3153 Penn Avenue 
RHODE ISLAND 
P 


rovidence 


801 Atlantic Ave 
2817 Laclede Ave 


A. Williams & Son 


228-40th St 


Supply Inc 


946 Kane Street 


Service 


Sup. Co., Inc 


lifford Metal Saies Co 
TENNESSEE, Memphis 
477 $ 


Front treet 


63 Eagle St 
Memphis Bearing & Supply Co 


Nashville—industrial Bearing Service, in 
411 Lafayette Street 


TEXAS, Beaumont—Standard Brass & Mfg. Co 
705 Milam Street 
Houston—-Standard Brass & Mfg. Co 
Franklin & St. Emanuei Streets 
Port Arthur——Standard Brass & Mfg. Co 
P.O. Box 1469 
WISCONSIN 
Kenosha—Badger Bearing Co., 660 Sheridan Rd 
Milwaukee--Badger Bearing Company 
1125 N. Van Buren Street 
CANADA 
MontrealFederated Metais Canada Ltd 
Mill Street 
Federated Metals Canada Ltd 
Eastern Avenue and Don Roadway 





Sintering and Cold 
Rolling of Thorium” 


me paper gives a good review of 

previous work on the powder 
metallurgy of thorium and then de 
scribes extensive experiments on 
the effect of compacting pressures 
on the metal powder, sintering tem 
peratures, and sintering times upon 
the physical and mechanical prop 
erties of the sintered metal. Fabrica 
thon prope rties of the metal are also 
commented on 

Carefully 


der was used in this 


purified thorium pow 
investigation 
The main metallic impurities were 


calcium, 300 parts per million; mag 


ppm 
Since 


nesium, 160 ppm.; iron, 47 
than 0.4% 
oxygen content could not be deter 
lattes 
figure is based on analysis of sintered 
metal 


and oxygen less 
mined on the powder the 


All of the powder used was 
screened through 200-mesh sieve 
Thorium metal is difficult to com 
press because of its tendency to stick 
to the 


metal die. Use of a lubricant 


contaminates the purified powder 


( ompacts 5 ) 1) mm were 
prepared with special dies mounted 
Because 
of the tendency of the thorium pow 


det to 


in a tensile te sting mac hine 


seize the steel dies it wa 


necessary to dismantle the forming 
dies in order to remove the compacts 
without cracking or breaking them 

Both sintering and annealing were 
carried out in a horizontal platinum 
wound furnace having a mullite tubs 
under a vacuum of 4 lo” omm 


of mercury at temperature because 
of the high affinity of thorium pow 
der for oxygen Compacts were sup 
molybdenum 


boat 


ported on a grid of 
held in 

which could be 
of the furnace 


W ilson sé al 


The experimental work consisted 


wire molybae rtm 
moved in and out 


work ing through i 


mainly of determining the most 


favorable compacting pressure in 
temperature and time that 
yield the finished 


All of the thorium investi 


tering 
would densest 
compacts 
gated for physic al properties was 
treated by pressing at 50,000 psi 
and then sintered for 2 hr. in the 
furnace at 2370° | The 


density of this product was 11.0 to 


vacuum 


*Digest of “The Sintering, Fabri 
cation and Properties of Thorium”, 
by M. D. Smith and R. W. K. Honey 
combe, Journal of the Institute of 
Metals, Vol. 83, May 1955, p. 421-426 





Precise 


TEMPERATURE 
MEASUREMENT 


is one of ‘ic _ 


many applications of the 


TYPE B HIGH PRECISION 
POTENTIOMETER 


@ general purpose potentiometer with 
o number of notable refinements, suiting 
it particularly to thermocouple work 
Distinctive features include 
@ Three ranges —0O to 16 millivolts, 0 to 
160 millivolts and O to 1.6 volts 
@ Three reading dials 
length of approximately 175 feet for 
each range 
Subpane! switch and slidewire con 
struction for protection of contacts 
from dust ond corrosive fumes 
Special provisions to minimize pore 
sitic thermal emf's—including avto 
compensation of 


effective scole 


matic slidewire 
thermals and gold contacts in gaive 
nometer key 
Exceptional convenience in reading 
and adjustment 
@ Solid and substantial construction tor 
many yeors of trouble-free service 
This standard laboratory potentiometer 
is also well suited for meter calibration 
for checking portable potentiometers 
ond for other critical measurements of 
D.C. potentials requiring exceptionally 
high accuracy 


Described in Bulletin 270 





SPOTLIGHT GALVANOMETER 

FoR SHOP AND LABORATORY worn 
Sturdy, short period 
Sensitive (up to | 5 uv per mm.) 
Multiple reflection optical system 
100-Millimeter scole 
for null or defection measure 


ments 
Described in Bulletin 320 











RUBICON COMPANY 


Electrical Instrument Makers 
375% Ridge Avenue « Philadelphia 42, Pa 
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ot . ' 
(nm 0 
A PROCESS 
BELTS 
CAN “TAKE” IT, literally and figuratively 
Heat resistant 
Chemically resistant 


Abrasion resistant 


Ashworth Metal Belts combine Product 
Processing and Material Flow 


Sales Ailenta + Bubal ado . “<e . evelor 
Greenville, S ¢ Angele ville + New Vouk 
COPIES: cose +S Low + Se Pou! + Concdion Rep ,PECKOVER'S LID 








‘PSC’ RADIANT TUBES in 


ny Voki, Ml OF 1 Finen sion 


Send for PSC Heat-Treat Catalog 54 


PSC fabricated tubes furnish four substantial advantages: (1) 
Light-wall construction saves furnace time and fuel. (2) Return 
bends are of same wall thickness as tubes, promoting uniform 
flow of gas. (3) Smooth dense walls minimize carbon build-up 
and burn-out. (4) Up to 100°, longer life. In any alloy, size 
or type, including parabolics. Also sheet-alloy heat-treating 
retorts and covers, boxes, baskets, fixtures, tubes, etc. 





THE PRESSED 
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Thorium .. . 


ll.lg per cc the density of metalic 
thorium is 11.7 

These compacts were very duc 
tile, and they could be cold rolled 
with 50% reduction in thickness quit 
readily. When the cold rolled metal 
was then resintered for 2 hr. at 
2370° F. the density increased to 
11.60 to 11.65, close to the theoret 
ical density of thorium 

All of the mechanical propertic 
reported were determined on a re 
sintered metal These resintered 
specimens were ver ductile and 
could be cold rolled with as much a 
95% reduction without any sign of 
cracking. A peculiar characteristic of 
thorium was noted when attempt 
to cold draw the compacts were 
made. Here the tendency of thorium 
to seize the draw dies under high 
pressure was evident; in every in 
stance the wires broke and the prod 
uct had a rough, cracked surface. No 
satisfactory lubricant was found 
which would overcome this problem 
The tensile strength of sintered thor 
ium was 41,500 psi Cold rolling 
with 13% reduction increased th 
strength to 50,000 psi. and 90% r 
duction to 87,500 psi 

Annealing of cold rolled thorium 
begins at about 930° F. and is com 
plete at 1290° F. During annealing 
the grain size changes from about 
140 to about 43 grains per sq. mm 
after a l-hr. annealing treatment at 
1290° Fk 

Conclusion It has been shown 
that thorium powder may be readih 
sintered and fabricated to produce 
metal of high density, with an oxic 
content between 1.5 and 2.04% 

The main impurity in sintered 
thorium is oxygen present as a mi 
roscopit dispersion of thoria par 
ticles. The percentage of thoria pres 
ent can be reliably determined by 
point-counting Somewhat surpris 
ingly, the oxide does not interfere 
with the metal’s ductility and cold 
workability 

rhe good working characteristic 
of the metal are in accordance with 
the known properties of other face 
centered cubic metals. Oxygen ap 
pears to have a more marked effect 
on metals with noncubic structures 
such as titanium and zirconium. The 
earlier work on thorium has thus 
been substantiated, but it should be 


emphasized that the metal used in 
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PENCER 


HARTFORD ot 


by The LITHIUM COMPANY 


111 SYLVAN AVENUE, NEWARK, N. J. 


This 26 foot diameter Rotary Hearth Furnace heats billets, scale free, 
to forging temperatures, by means of the Lithium recuperative hot 
atmosphere system. Air for the direct gas-fired burners is supplied by 
a Spencer Turbo-Compressor. 

In modern heat treating Spencer Turbos are operating 24 hours 
a day—on 7 day weeks with a maximum of reliability and efficiency. 


Reliability is insured by the wide clearances, all metal construction Capacities from 
8 oz. to 10 Ibs., 
35 to 20,000 cu. ft. 
Ask for 
proportion to the load. Bulletin No. 126. 


and only two bearings to lubricate. 


Efficiency is insured by the Spencer design which uses power in 


THE SPENCER TURBINE COMPANY 


"<== | SPENCER] 


HARTFORD 6 
CONNECTICUT  Manutocturers of Turbo-Compressors and Heavy Duty Vacuum Cleaners 
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This Niagara Aero After Cooler also cools compressor jacket and intercooler water. 


COMPRESSED AIR...Lower in Cost 


Dependably Drier and Cooler 
Trustworthy for Instrument Use 



































THE NIAGARA AERO AFTER COOLER offers a completely self-contained 
method replacing both shell-and-tube cooler and cooling tower. It is inde- 
pendent of a large supply of cooling water and consistently reduces com- 
pressed air temperatures to below ambient. Its drier air gives you a better 
operation and lower costs in the use of all air-operated automatic instru- 
ments, tools and machines, paint spraying, sand blasting and moisture-free 
air cleaning. 

Direct saving in the cost of cooling water saves the price of the Niagara 
Aero After Cooler in less than two years. Water saving also means less 
expense for piping, pumping, water treatment and water disposal, or you 
get the use of water elsewhere in your plant where it may be badly needed. 

Niagara Aero After Cooler assures all these benefits because it cools 
compressed air or gas below the temperature of the surrounding atmos- 
phere; there can be no further condensation in your air lines. It condenses 
the moisture by passing the air thru a coil on the surface of which water 
is evaporated, transferring the heat to the atmosphere. It is installed out- 
doors, protected from freezing in winter, proven in service on the largest 
plant utility air systems. 


































































































Write for complete information; ask for Bulletin No. 130 


NIAGARA BLOWER COMPANY 


Over 35 Years of Service in Industrial Air Engineering 


Dept. M.P., 405 Lexington Ave. New York 17, N. Y. 


District Engineers in Principal Cities 
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Thorium .. . 


the present investigation yi Ided 


even more satistactory properties 


presumably because of its higher 
purity 
Rolling is a feasible method of 


fabrication but other methods. such 
as wiredrawing, may present a prob 
lem in lubrication 


W Ricw’ 


Controlling Depth-of- 
Chill of Cast Iron” 


S° many factors, difficult to dete: 

mine, govern whether cast iro 
will solidify hard (chilled) or soft 
(graphitized that a chill test is 
always used to show what cd pth of 
chill is to be expected in casting 
from a given melt. The British Cast 
Iron Research Association ha pub 
lished a summary of several labora 
tory investigations of the the factor 
affecting chill-test results. The iron 
used contained 3.2% C, 0.9 Si, 0.35 
Mn, 0.1 S and less than 0.1 P. The 
test specimens were 9 in long, 6 

1% in. at the top and 5 1% in 
at the bottom, which was chilled 
After solidification thes« specimen 
were broken so that the fracture ex 
tended from top to bottom through 
the center Photographs of the frac 
tures show the extent of the white 
chilled structure 

rhe first series of tests confirmed 
the well-known fact that depth ol 
chill increases as rm lting tempera 
ture rises, even with constant pour 
ing temperature Superheating at 
2570 to 2730 


macrea ed iti chill 
depth still further. When the iron 
2410° F., the chill depth was the 
same whether the iron was held 15 
min. at 2460° | 


was heated to 2730° F. and cast at 
| 


between super 
heating and casting, or not 
Inoculating st pe rheated iron with 
0.5% of 80% ferrosilicon reduced th 
increase in chill de pth due to uper 
heating. When graphite was used 
as the inoculant, however, the chill 
depth was decreased much more in 
superhe ated metal than when not 
superheated, and when as much as 


O6% gi iphite was used the chill 


*Digest of “Factor Influencing 
the Chilling of Cast Iron”, by W. J 
Williams, Metal/urgia, Vol. 51, June 


1955, p. 273-279 











High Temperature 
Furnaces 


FOR CARRIDES., HOT PRESSING 
AND GRAPHITIZATION 


Whether you manufacture carbides these are skeleton type furna 
Ga production line basis, or ndu nig? ited by motor generators 
temperature studies in the laborator frequency mnverters 
Ajax-Northrup equipment provides the Carbide furnaces 
ideal answer tor your heatin« ire equipped with Achesor 
Fast efficient heat a er bles or sleeves which are ¢ 
peratures fror 2U » 2600 ind jus rs { elect: city and cap 
above . 76] Oss ; ig high temperatures 
to surroundinas are a advantages 9g of carbides, either 
that or 
ature turnaces < 
nt 
Flectr 
New 


SINCE 1916 
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GET 
THE 


FACTS 


About Hardness Testing 


Everything you need to know about 

hardness testing is told in this handsome 

book, prepared by the makers of the 

internationally respected CLARK 

Hardness Testers for “Rockwell Test- 

ing. Simple, easy-to-read text (in 

English) and numerous illustrations show the equipment 
and procedure for fast, accurate hardness testing of ferrous 
and non-ferrous materials. If you would like a copy, free of 
charge, just attach this ad to your letterhead or write 
“Send book.” A copy will be mailed to you promptly. 


P.S. If you are interested in descriptions and prices for 
CLARK Hardness Testers (Standard and Superficial) of guar- 
anteed accuracy, say the word and we'll gladly supply them. 

~~ 

4 
CLARK IMSTRUMENT INC. 


bei g J JJ 10202 Ford Road @« Dearborn, Mich., U.S.A 














15 Ilb., 12 kw. Pot-Tilting 
DETROIT ELECTRIC FURNACE 


—research and small production tool 


A versatile furnace! Converging in- lining or removable crucibles. Com- 
direct arc electrodes force arc down plete with power and meters in sep- 
over metal for fast melting. Cover lifts arate cabinet 

and swings aside for derging and nF ‘ 
pouring. Pot can be transported or Write today for complete information on 
tiked to pour from stand. Permanent Type PT Detroit Electric Purnace. 


: 


DETROIT ELECTRIC FURNACE DIVISION 
KUHLMAN ELECTRIC COMPANY 
1080 26th Sr. + BAY CITY, MICHIGAN 


For Representatives: in BRAZIL—Equipamentos industries, “Eso” Ltd, Seo Pavio, CHILE, ARGENTINA, PERU ond 
UELA: M. Castellvi inc, 150 Broadway, New York 7, N. Y., MEXICO: Cie Proveedora de industrios, Atenas 32-13, 
Apertedo 27A3, Mexico 6, D. F., Mexico, EUROPE, ENGLAND, Birlec, Lid., Birmingham. 
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Cast Iron... 


depth was the same whether super- 
heated or not. Thus, inoculation with 
graphite eliminates the effect of 
superheating, whereas inoculation 
with ferrosilicon does not 

Lowering the casting temperature 
decreased chill depth, suggesting 
that the cooling rate before casting 
must influence the chill. (The au- 
thor further states that this is true 
only with normal manganese and 
silicon contents; when they were 
low, the effect of casting tempera- 
ture on the chill was erratic Rapid 
cooling of the molten iron in a small 
ladle decreased the chill slightly, as 
compared with the same iron poured 
into a hotter ladle. Inoculation with 
either giaphite or ferrosilicon did 
not change this result. Superheating 
and casting at a high temperature 
produced the greatest depth of chill 

4A melt of cast iron was heated to 
2460° F. and half was cast in sand 
to produce gray iron while the other 
half was cast in chills to produce 
white iron. Both kinds of iron were 
then remelted, and chill tests wer 
cast at 2410° F. after heating to 
2460 and 2730° F. respectively 
The fracture photographs show that 
the gray melting stock although the 
same composition as the white melt- 
ing stock, had slightly greater graph- 
itizing ability, or less chill. at both 
melting temperatures, probably be 
cause of the fact that the graphite 
nuclei persist in the gray iron even 
after melting 

About 0.001 to 0.002% oxygen 
was found in these irons and differ 
ences in the shape of the sulphid 
inclusions were thought to be due to 
oxide contamination. Large angular 
sulphides change to a thin elongated 
type after superheating above 2550° 
F. Small additions of Al, FeSi or 
CaSi change the sulphide form to 
groups of fine globules. Addition of 
0.004 to 0.012% aluminum to iron 
superheated to 2730° F. appeared 
to increase the depth of chill slightly 
This is thought to be due to deoxi 
dation, which leads to the deduction 
that, contrary to American opinion 
oxygen must have a slight graphitiz 
ing effect. Small additions of FeSi 
or CaSi, acted like aluminum. It is 
admitted, however, that larger addi 
tions of Al, FeSi or CaSi reduce the 
depth of chill. 


G. F. Comsrock 





You get automatic, precise heat treatment plus 
high production with this Salem-Brosius furnace 


You speed production—control heat treating cycles to 


close limits achieve specified metallurgical and physical 
properties in forged parts with this Salem-Brosius furnace 


This ts possible because time temperature and material 


movement are automatically controlled to provide precise 


cycle annealing practice. Rugged construction and sim 
plificd design give you efficient operation with low 


maintenance 

Here is a typical cycle. Forged alloy steel automotive 
parts, such as <¢ lutch pl ites and drive pinions, are loaded 
into three trays and positioned in front of the furnace 
pusher on the left. [he furnace takes over 

[he trays move automaticall' into the heat and soak 
chamber where the parts are heated to 1700°F. and held 
it that temperature for a timed interval. Then they move 
to the next sec nm and are control-cooled to 1200°F. at 


which moment , ove to the final zone and are con 


trol-cooled to 5SOO'T At this time the trays are ejected to 
a transfer table from which they are automatically 
emptied into tote boxes 

An ingenious arrangement of recording controller: 
fuel regulators, thermocouples, and air control valve 
iutomatically hold the temperature to within extremely 
close limits. Yet this precise furnace anneals as much a 
4000 pounds of forgings per hour 

This furnace is typical of the efficient heat treating and 
heating furnaces ce igned and built by Salem Brosiu to 
increase your production and reduce your unit costs. The 
kill and experience of Salem-Brosius engineers recently 
were augmented by the acquisition of the George J 
Hagan ( ompany so that now you get the benefit of th 
combined abilits of both organizations to ce a) 
neer and build fine furnace when 


Brosiu Write to us! 


Ou speci Salem 


SALEM-Brostvus INC 











MICRO-POLISH strip grinding 
boosts output over 600 percent 
for Michigan 
| manufacturer 





* Assures Product Uniformity 
* Cuts Material Loss and Scrap 
* Eliminates Down-time 
* Replaces Two Expensive Hand Operations 
7  * Facilitates Subsequent Operations 
_<s& Improves Product Appearance 


The New Murray-Wey rotary 
iy etd iittentty wudtatenn * Eliminates Dust and Mess 


coolant on this operation. Per- 


manent filtering media saves x Pays For itself 

the cost of this equipment in a 

shert time. Here's one more illustration of Murray-Way’s ability to do the job better, 
faster, and more economically. 


Murray-Way's Automatic Equipment, thorough experience and expert engi- 
neering can save YOU money on YOUR polishing, buffing, grinding or 
filtering operations. Why not give us a call . . . JOrdan 4-6890 Detroit, or 
write for our complete, illustrated Micro-Polish Brochure. 


P.O. BOX 180, MAPLE ROAD EAST . BIRMINGHAM, MICH 


VE MURRAY-WAY CORPORATION 


Polishing, Buffing, Grinding, Filtering Equipment that automatically cuts. your cos? 
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Acitrol, the new, more efficient 
pickling inhibitor, withstands 
high temperatures for long 
periods—saves acid, soves steel, 
produces a better pickled finish 


. , In addition to a full line of alkaline 
tas s 4 and emulsion cleaners, Houghton 
offers the new Houghto-Clean 
x Cold Cleaners for b-'h produc- 
' tion line power washers and still 
help or dip tank cleaning. These new 
; cleaners are efficient, safe and 

require no heat! 


— oo) 
ee a ene ee 
on e Both iron and zinc phosphate 
: HOS HAT ® coatings: Houghto-Clean 
—_ a o 


313A is a highly efficient 

* cleaner that produces an 
sur ace iron phosphate coating on 
the metal aids paint 


adhesion. Houghto-Phos is a 


zinc phosphate treatment for 


ing operations 


> wn 
preparation S BLACKEN; subsequent drawing or paint 


of Houghto-Black, a one-step metal 


blackening product that is easy 
to use—imparts a lustrous, du: 


> Pp able finish 
metals ‘“" "07, 
~~ ae C7; Houghton, the pioneer in rust 
; , U7 prevention, has a complete line 
et of Rust-Veto rust preventives for 
short term or long term protection 
of metal surfaces against rust 
and corrosion 
For more effective preparation of meta!- surfaces, in any or all of 
the above categories, ask your Houghton Man or write for complete 
technical help. E. F. Houghton & Co., 303 W. Lehigh Avenue, 
Philadelphia 33, Pa 


. . products of 


Ready to give you 
on-the-job service 
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Inhomogeneity in 


\ \ Plastic Working” 


OLLING extrusion o1 viredrav 
’ , 
ing may deform the met il more 


For the OVER-ALL JOB—With Guaranteed Results in severely in one direction than in an 


other, which would affect the prop 
erties and behavior in service. The 
effect can be either advantageous or 

detrimental. For example, the t 
sile strength of drawn brass wire i 
nereased by in increas im the 
angle of the drawing die due to a 
greater inhomogeneity of deforma 
tion with the higher-angle die. On 
the other hand plastic working can 
leave residual stresses as the result 

of inhomogeneous deformation 

Research has demonstrated the ex 
istence of inhomogeneous deforma 
tion in soft nonferrous alloys; how 
: ever there is tittle of i quantitative 

© SS. 

Rotary Heorth Billet Hooter A 
SE a ee satis welling 


By determining the variation in 


nature to relate the degree of in 


homogeneity to the conditions of 


microhardness acros the thickness 


PRODUCTION UNITS for military production... of a worked material, it was felt that 


a reliable measure of the inhom« 
BUILT FOR Whatever your heat process prob- 


lems in plant conversion for military 
production, CONTINENTAL has the copper, 70-30 brass, commerciall 
answer. pure aluminum and mild _ steel 


geneity of deformation could be ob 


tained. Such readings were made on 


CONTINENTAL jobs begin with strip form, and copper and mild steel 
analysis of the requirements, then in wire form 
the selection and development of rhe degree of inhomogeneous de 
proper methods for greatest results. formation can be given a numerica 
Finally follows the design, the build- value by expressing the difference 


| 


in hardness beween the core and 


ing, and installation of the equip- 
ment including necessary work- 
handling accessories and control 
devices—delivering a COMPLETE 

Stn carhe inl y UNITIZED PRODUCING PACKAGE per) cause preferential work hard 

bee with results guaranteed. ening of the surface levers. Most 

Ihe broad experience of ConrtI- hardness traverse curves are not 

NENTAL offers you a prompt, sure smooth, there being superimposed 
solution to your change-over pro- on the main effect a “secondary 
gram. inhomogeneity in the ' 

small protuberance: 

CONTINENTAL INDUSTRIAL ENGinEERS, Inc, | Detween th 

176 W. Adams Street, Chicago 3, Illinois partace 


When mea re « { Wel 
District Representatives Ms 


the surface as a percentage ot core 
hardness This \ ilue has been ce si? 
nated “inhomog: neity tactor 


Reductions up to 13% for cop 


immediately after rolling mild 
Ridgewood, N.J. + Indionapolis + Si. Lovis * Detroit " 
appreci ible inhomogeneity ocecurre 
Cincinnati * Milwavkee * Cleveland * Pittsburgh 

but this disay peared after aging f 


i tew d iy it room temneratur 
5 rtl vest tion of s nh 
Write fer hiet No. 135 Fu er mnve i thi ph 
homenon 1 I rc 
A number of 

FURNACES f SPECIAL MACHINES 
: *Digest of “Inhomogeneou De 

1ON LINES COMPLETE PLANTS formation in Rolling and Wire Draw 
ing”, by B. B. Hundy and A. & |} 

Singer, Journal of the Institute of 
Metals, Vol. 83, May 1955, p. 401-40 
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easiest, 
fastest way to 


insulate for 


mperatures up to 


3100°F 


cement insulates so well: 

section of set coment re- 

veals the secret. dead air space in the theu- 
sands of closely-packed bubbles of 


CARBORUNDUM 


Registered Trade Mork 





ALFRAX® castable aluminum oxide cements are about the 


just 


most effective insulating materials you can find for t« mperatures 


to 3100°1 «> at the rend of the tem 


upP 
bubble ot 


and « pe ially 


ul 
I 


perature range They consist of tiny pure slurmina 


held together by a bonding agent 


stables make ide uy linings for nonferrous 


rucible furnaces and for the side ills of revert 


block 


cratory furnaces 


Or you in cast them into burner for core ovens and 


illeable annealing furnac« Aluminum oxid is one of the 


nost tal le ind mert of ill ri igniiyv re 


ally 


sistant to 
practi ill furna or 


t with water and pour 


So, if you 


really hi 


re looking insulating 


gh operating my 
I eful life 


materi 
erature und keey on standing 
them through a long 
by 
ghly refractory, low 


Address R 
Perth Amboy, N. | 


you in end your search 


now writing us for tree enginecring miormation on 


heat Capa ity. casy 


The ¢ 
urtment V 1 


to-use cements 


fractories Division urborundum (¢ ompany, 


Dey 











TRY | METALLURGICAL Plastic Working . . . 
THESE | UNITRON | qyicroscopes | svmueneis-durinevtine 


drawing: prestraining for higher 








vield strength; frictional conditior 


Ta your own laboratory a during rolling; rolling speed, stock 


size, reduction by several light passe 
FREE a7 ie) g 10 days! instead of a single heavy pass; and 
reversal of direction in multiple-pa 
rolling 

It is possible to control to me 
degree the amount of inhomogeneity 
in rolled or drawn metals. With cop 
per and brass, surface hardening is 
significant only at low reductions and 
can be reduced by better lubrication 
or by reversing the direction of de 
forination after each pass. No sui 
face hardening is apparent in strain 
aged mild steel or heavily 
copper, and secondary inhomogene 
ity appears to have a relatively mi 
nor effect on mechanical propertie 
compared with the effect of total 


pl istic deformation 


Mechanism of Hydrogen 
Embrittlement in Welds* 


ee in I eae 


may contribute to such 
Mode! MMU Model MMA is underbead cracking, fissur 
embrittlement, loss of ductilit ind 


UNITRON Models MMU and MMA pioneer several new features available for the first time even hot cracking. Early studies of 
and, in addition, include features found only in instruments selling for well over twice our t] ld : f } h-t P ' 
ie welding oO igh-tensile ee] 

unusually low prices For metals and opaque specimens and also transporent specimens 
under both ordinary and polarized light. These models far surpass the usual metallurgical disclosed that hot-zone cra 
microscope in versatility and make ideal all-purpose laboratory microscopes the result of the dissociation 
Both Models offer: transformer built into microscope base @ vertical illuminator with iris 
drogen-containing compout 


diaphragm and filters © illuminator mounts on stage for oblique lighting @ illuminator I 


mounts substage for transparent specimens © coated optics the electrode coating to form 


hydrogen, and the olution 





Features of Mode! MMU include 


UNITRON Matellurgical Ae cro * coarse and fine focusing latter in the molten weld metal pool 
scopes are choten by such lead © focusable stage ' 
ing firms as © calibrated drawtube Whil cooling the olubilits \ 
> 
. 
. 


Union Carbide and Carbon polarizing apparatus and § filters ; , + eh ’ 

sesevaes Keven objectives: 5X, 10X, 40X, 100X, olf f.0.b. Boston arogen Grops sharply a ie fan 
enera orfors 

American Smelting and Refining ovepleces: PEX, PIOK, KISK to alpha transformation te mper ature 

CBS-Hytron 

Sperry Products Features of Model MMA include leading to ejection of hydroger 


Raytheon sinale ¢ , tre 
ingle focusing contr the lattice 

Arthur D. Little substage S-hole disk diaphragm , 
Corn Products Refining frosted filter Islands and films of retained h 
Sprague Electric objectives: 5X, 10X, 40x f.o.b. Bost 
National 8 f St o- one | | 

ationa! Bureau of Standards eyepleces: HSK, PIOX, KI5x drogen-enriched austenite tran 
International Nickel S 
Firth Sterling These models are part of a complete tine of meialiurgical forming at Or near roorn te mper ature 
7 ag Manhattan microscopes by UNITRON—send now for free catalog 

¢ fA cult 

Col +4 Seb \ of Mine You are invited te try a UNITRON in your own laboratory 
~G1OTeGo schoo! oO nes for 10 days at absolutely no cost or obligation. Verify its fine 
General Electric optical and mechanical performance, Let the instrument 
prove ite value to you before you decide te purchase 


into hydrogen-embrittled martensite 


can be prevented by retarding the 











cooling rates ot welded out 
through preh ating, to facilitate the 
. diffusion of hydrogen from the jun 

' , fy 204-6 Milk St? | - 
LTE MILT LR A ER | 00, Zone. 0 some applications th 
presence of iron oxide is con dered 


Please send us your complete catalog on UNITRON Microscopes. 


advant igeous because it 


’ osbebsns *Digest of “Note 

Address ; City (..) Stete Hydrogen in Metal 
' uMmPo P. D. Blake, Welde 
hae eee eae eae ae ae ae eee eee eee ee ee ee oo! uary-March 1955, | 


Compony 


a J 
1 i 
* Name ; . , : Title f 
, 4 
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Shown above is a 20’ diameter shell 
Top-Charge Heroult Furnace. At 
right, the same furnace is shown 
with swing-type roof removed for 
charging. Smaller picture at lower 
right, shows tilting mechanism for 
20’ diameter Heroult 








Peroull Electric Furnaces 


for faster, high quality 
steel making - - 


To keep pace with modern steel making 
methods to produce better quality 
steel faster, and more economically, it 
will pay you to consider the addition of 
electric furnaces to your existing facil 
ities 

In the light of the experience of some 
of the nation’s most successful mills, 
Heroult Electric Furnaces should easily 
prove a big time and labor saver, and 
quality up-grader for you 

Embodying the latest in mechanical 
and electrical equipment, these widely 
used furnaces are noted for their efficient 
performance, and low operating and 
maintenance costs 


Available in sizes of shell diameter 
ranging from 7°0” up to 24'6", and with 
rated charge capacity of from 8000 Ibs 
up to 400,000 Ibs. They are usually 
equipped with roof-moving mechanism 
to permit top charging. Both gantry and 
swing-type roof-moving mechanisms are 
available. Door-charging furnaces and 
furnaces of special design, including 
units equipped with austenitic steei bot 
toms to permit inductor stirring, can 
also be supplied 

We welcome an opportunity to help 
you select and install the Heroult Ele« 
tric Furnace best suited to your parti 
ular requirements 


AMERICAN BRIDGE DIVISION 
UNITED STATES STEEL CORPORATION, GENERAL OFFICES: 525 WILLIAM PENN PLACE, PITTSBURGH, PA 
Contracting Offices in New York, Philadelphia, Chicago, San Francisco and other principal cities 


United States Steel Export Company, New Yor! 


wre 8st ee 


> 1) eee 








THIS CATALOG -——— 


contains up-to date informatior 
on Heroult Electric Furnaces 

types sizes capacities rating 
etc. For free copy, write to our 


Pittsburgh office 
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GET THE GAS 
OUT... 





The Kinney Mobile Vacuum Degasser 
brings the advantages of vacuum metal 
lurgy into the foundry. Here's whot it 
will do for you by removing gaseous 
inclusions from melts: 


* Improve density and physical 
characteristics of castings .. . 
lower rejections, build profits 

* Eliminate chemical and gas flush- 
ing 

* Let you use lower grade metals 

® Eliminate costly impregnation 
processes. 


The rugged design of the Kinney 
Mobile Vacuum Degosser assures any 
user of dependable, trouble-free service 

. and no skilled operotor is needed 
The vacuum chamber is proportioned 
and designed for easy melt control and 
observation. Rapid operation is achieved 
by a Kinney Model KDH.130 High Vac- 
vum Pump which is gas ballasted to 
eliminate vapor problems 

Write today for Bulletin 402; 
Kinney Manufacturing Division, The New 
York Air Brake Company, 3584 Wash- 
ington Street, Boston 30, Massachusetts. 
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Embrittlement . . . 


hydrogen content of welds by oxida- 
tion of hydrogen present over the 
molten weld metal 

Initially, in any welded joint, there 
is a hydrogen concentration gradient 
which falls uniformly from a maxi 
mum in the weld to the original 
content of the plate material just 
beyond the heat-affected zone. With 
ferritic deposits hydrogen is ejected 
on cooling and diffuses both toward 
the surface and toward the lower 
concentrations of the heat-affected 
zone. With austenitic weld metal 
much of the hydrogen is retained in 
solution and there is less diffusion to 
the hot zone 

Fissuring, or fine hairline cracks 
in multilayer weld deposits has been 
scribed to a buildup of hydrogen 
pressure due to its migration from 
previously cooled layers into the 
temporarily austenitic part of suc 
ceeding runs. It can be prevented 
by the use of low-hydrogen coated 
electrodes and the addition of small 
amounts of molybdenum, chromium 
and vanadium to the deposit, if high 
nitrogen is a contributory causé 

Normal range of weld cooling 
rates is between 2 and 54° F per 
sec, at 570° F. Tests have shown 
that at cooling rates below 5 to 8° F 
per sec. at 570° F. no cracking oc 
curred, even with fairly high hydro 
gen content in the weld metal 

At the temperature at which hot 
cracking occurs, all steels are in the 
austenitic condition. It may be pos 
sible that, because of the sharp drop 
in solubility which oceurs at the 
liquidus point, hydrogen in excess 
of the solubility at the melting point 
may temporarily develop a high 
internal pressure as the temperature 
falls rapidly toward 2000° F. This 
pressure will cause hot cracking if 
the weld is restrained. The fact that 
25-20 Cr-Ni steel is more prone to 
this form of cracking than 18-8 
demonstrates the importance of alloy 
content which also affects hydrogen 
solubility and diffusibility 

Where weld fissuring takes place 
below 1100° F., the direct effect of 
the drop in solubility of hydrogen in 
iron at the gamma to-alpha trans 
formation is evident. 

Hydrogen content is only one fa 
tor contributing to weld fissuring 
the others are alloy content, weld 
restraint, cooling rate and transfor- 





THESE BEAMS ARE OF EQUAL 
STIFFNESS. Relative Stiffness in 
Bending, based on rectangular 
beams of constant width and equal 
weight: STEEL 10; ALUMINUM 
8.9; MAGNESIUM 18.9. 


Maximum 
stiffness with 
minimum 
weight 


Of all structural metals, magne- 
sium has the highest stiffness-to- 
weight ratio. 

Modulus of elasticity for magne- 
sium is 6.5 million pounds per 
square inch; for aluminum 10 
million; and for steel 29 million. 
Stiffness is resistance of a material 
to deflection under a given load 
within the elastic limit. The 
amount of such deflection is pro- 
portional to the amount of inertia 
of the beam multiplied by the elas- 
ticity modulus of the material. 
When a part previously of steel or 
aluminum is being redesigned for 
magnesium, the moment of inertia 
must be increased in proportion to 
the lower elastic modulus of mag 
nesium to obtain the same stiffness. 
But —the moment of inertia in 
creases as the cube of the thick 
ness of the beam. So—very little 
added thickness tremendously in- 
creases stiffness. The net result is 
a slightly thicker section for the 
magnesium part, and a marked 
reduction in weight. 

This is why magnesium is used for 
floor beams in airplanes; for radar 
feed horns and reflectors where 
low inertia and high stiffness are 
required; and for hundreds of 
other similar applications. 

B&P engineers will help you re- 
design in magnesium. B&? offers 
the magnesium industry's most 
complete facilities for fabrication 
and assembly. Your inquiry will 
bring a descriptive booklet. 


BROOKS & PERKINS, INC. 


— 


“% ON% 1958 West Fort Street 
\— Detroit 16, Mich. 





THE TURNING POINT TO HIGHER PROFITS !™ 


ALL-PURPOSE 
TALIDE TOOLS 














" 


PRODUCTION RATE—UP 25%, TOOL COST—DOWN 40% 
AT LARGE MID-WEST TRACTOR PLPNT 


Shaft Steering Clutch, SAE 6654-H Brinel! 370. 


Rough Straddie Face Flange, turn all diameters, 
form undercut and base. 


16 x 60 Sunstrand Automatic Lathe. 


8 Talide-tipped facing, chamfering, radius and 
form tools Grade $-88. 7 Kiamp-Lok Tootholders 
with round, triangular and peralielogram Talide 
inserts Grade $ 


DEPTH OF CUT. 9/32” to 7/16” 

FEED 022 

S.F.M. ° 156 

RESULTS Production up 25%—Scrap and rejects down. 


A FULL LINE OF TALIDE TIPS IS AVAILABLE IN OVER 
1000 SIZES, STYLES, SHAPES AND GRADES—TO 
MEET EVERY MACHINING REQUIREMENT 


PART 
OPERATION 


MACHINE 
TOOLS 





1000, 2000, 3000, 4000, 
5000 & 6000 STYLES 


2 


“RT” STYLE 


“H” & “P” STYLES 


“RTT” STYLE 





aw ROD STOCK 


“STB” STRIPS 








KLAMP-LOK TOOLHOLDER INSERTS 











"Yeer after year—you can 
count on Talide Metal for 
uniform results end con 
sistent quality.” 


eee ee ee ee 
CUTTING GRADES 


An extensive 2-year re- 
search and development pro- 
gram has resulted in a com- 
pletely new and improved 
series of Talide Metal grades 
for all-purpose machining. 
“Double-carbides” containing 
tantalum carbide and tung- 
sten carbide have been per- 
fected for cutting cast iron and 
non-ferrous alloys, and “‘triple- 
carbides” containing tantalum 
carbide, titanium carbide and 
tungsten carbide for machin- 
ing steels. 


Major improvements have 
been made in our rigidly con- 
trolled vacuum furnace tech- 
nique. This, along with addi- 
tional refinements in our pro- 
cess has resulted in the crea- 
tion of a carbide having a 
new, unique grain structure 
possessing harder and tougher properties than previous grades. 
Laboratory tests reveal that these new, improved grades 
have 25% greater strength and rigidity. Extensive field tests 
have proven that service life per grind is increased up to 50% 
over previous grades. Metal Carbides Corporation, Youngstown 7, Ohio. 


Send for new 84-page Catalog No, 55-G. 


TT 
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HOT PRESSED AND SINTERED CARBIDES - VACUUM METALS 
a Ae OL eee 0 HIGH. TEMPERATURE ALLOYS 
OVER 25 YEARS’ EXPERIENCE IN TUNGSTEN CARBIDE METALLURGY 
DECEMBER 
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From the punch press department. Shows how production climbed 
this year with Columbia EXL-DIE!"’ 


COLUMBIA TOOL STEEL COMPANY « CHICAGO HEIGHTS, ILL. 


Producers of fine tool steels — All types immediately 
available through Sales Offices, Warehouses and 
Representatives in Principal Cities. 





O-METERS 


. . for measuring industrial gases 


Here at last is the truly modern 


flo-meter that offers important and 
exclusive advantages for every user. 


Be Easy to clean. Nw tools are needed 


for for disassembly . an be completely 


measuring 
* alr 
* emmenie ° Easy to read. 6” scale gives extra 
+ dissociated visibility. Exclusive Waukee tabs 
ammonia 
* butane 
* olty gas 
© endothermic 3. Built-in control valves. Operators 
cracked can easily see flow change. 
; — 4. Easy to mount. an be pane! mounted 
+ hydrogen . piping is simpler, installation 
* natural ges costs less. 
* nitregen 
* oxygen 
* propane 


cleaned and reassetnbled in 2 minutes, 


identify in large red letters gas being 


measured, Eliminates mistakes 


For additional information request 
bulletin (201. 


ENGINEERING COMPANY 


103 E. Michigan Street, Milwaukee, Wis. 
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Embrittlement . . . 


mation volume changes. However 
hydrogen may carry sufficient weight 
to tip the scale in favor of fissuring 
When welds crack hours after 
room temperature has been reached 
a time factor must be introduced 
Possibly the aerostatic pressure of 
hydrogen, in. cooperation with the 
other factors mentioned, was insuffi 
cient to promote instantaneous crack- 
ing. Weld restraint, delayed trans- 
formations and the diffusion of 
hydrogen through the steel at the 
slow rates possible at room tempera 
ture continue. to play their parts 
even after the steel has cooled 


A. H. ALLEN 


Evaluation of lron-Powder 


Coated Welding Rods* 
ee fabricators have been 


faced with the problem of 

whether or not they should use the 
iron-powder coated electrodes intro 
duced in America in 1953 as a sub 
stitute for conventional electrodes 
A new code, A.S.T.M. A 233-55 7 
has been written to include thes« 
electrodes, classing them as E 6024 
and E6027. The rutile (titania 
type, E 6024, was designed to re 
place high-titania-sodium E 6012 
The iron powder, iron oxide type 
E 6027, was intended to replace th 
conventional high iron oxide E 6020 
Many advantages were claimed fo 
the new electrodes 

Preliminary tests were made on 
all welding rods submitted. Quarter 
inch fillet welds were made accord 
ing to the vendor's recommendation 
and broken with a hydraulic jack 
These tests revealed that the a 
ceptable operating amperage rang: 
for the iron-powder coated rods was 
only half of that for the conventional 
electrodes much less than recom 
mended. Of 23 brands in all four 
classes five were rejected by this 
preliminary test 

Electrodes that successfully passe d 
were given a more thorough evalua 
tion patterned after the require 
ments of the A.S.T.M. A 233-48 7 
and costing over $650. Most of the 

*Digest of “Evaluating the Lron 
Powder Coated Electrodes for Pro 
duction Use”, by Donald B. Howard, 


Welding Journal, August 1955, p 
752-758 





im the good old days 


when Erie Foundry was the first to use all-steel 
construction in all our hammers 
(such as this 100 Ib. single frame) and when hammermen thought a board drop hammer 
larger than 5,000 Ibs. was a wild dream... . even then 


Erie Foundry was a great name in forging hammers 


today 


Erie Foundry has recently built the world's 
largest board drop hammer. This 10,000 Ib 
hammer is at work for Eaton Manufacturing 
Co’s Marion, Ohio forge plant. Eaton is forg 
ing 68 Ib. net, Flat Back Ring Gears, 16” in 
diameter, in a single impression die, straight 


down without blocking or pancaking 


In addition to forging large gears speedily, 
Eaton likes the Erie 10,000 lb. Board Drop 
Hammer because the 4-roll lifting head gives 
longer board life. Air operated board clamps 


ease the hammerman’s job 


As in the good old days, this 10,000 Ib. board 


drop hammer is all-steel and made by Erie. 


in our GOth year 


The Greatest Name 


in Forging Hammers 


ERIE FOUNDRY CoO. ERIE.PA. 
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keeping up with | Welding Rods . . Seiportage ‘sonal which “bevy 
. perature control, whic eep 
the test plates near 212° F. during 
work was completed before the final welding, and artificial aging (210° 
acceptance of the new code The F. for 36 hr as spec ified in 5577 
variations introduced in this new raised this to an average of 27.8% 
tentative code (557) were thor on samples tested 
oughly investigated. Nine brands of It was observed that a The 
conventional and nine of the new two competitive electrode § were con 
rods were completely evaluated sistent, (b) interlayer rather than 
Four of the conventional and only interpass temperature control raised 
one of the new rods were approved elongations about 30%, (c) artificial 
for unrestricted use. aging raised elongations even mor« 
All- weld-metal tension tests Most of the specimens from unaged 
proved to be the key to objective welds made with iron powder coated 
evaluation for all electrodes tested electrodes broke in an _ irregular 


Route to ( L. | They compare the yield strength brittle manner. The fracture face 


tensile strength and elongation of invariably contained “fish eves 


Titanium tf ™ _ ; weld metal of competitive elec which are associated with hydrogen 
/s also oldest trodes The tensile and_ yield Aging reduced this condition 


strengths were easily met by most Guided-bend tests proved to be 
brands. When the provisions of 487 the least critical of the tests used in 


were followed, the average E 6024 the evaluation. Their importance 


Titanium, first produced by a sodium Comparative Welding Characteristics, Maximum Values 





reaction way back in 1910, has been 
{1 y RON C)xID 
commercialized only within the last rie Typs Ire e Tye 
five years. Its properties of ‘ugh 
FE, 6024 bk 6020 
strength-weight ratio and corrosion 

resisiance are important reasons for 


jurn-ofl rate, in. per mir 
the growing demand in military and F , I ; 


S peer ) 
industrial uses. Carbide & Carbon Pp 1, in. per min 


Deposit rate, lb. per hr 








and LCI the two newest pro- 





ducers are using sodium routes, 


U.S.1.'s versatile metal offers cheaper, 





safer, easier processing than the orig- 





inal magnesium method of commer- 


cias manufacture 


Ri oO Wa Pilot plants, laboratories, power 


etait atta | plants, ships and industrial proc- 
essors are using this efficient and 


- ingle, ntral instrument - rt ON 
a ’ @ singie, ce . ¥ economical method. A Veri-Tell 
? 


r instantly reads temperatures pyrometer, selector switch and 
x VLAN 

se 

7 

/ 


é 


terminal panel (plus thermo- 
rs NONE at up to 23 locations couples and leads) comprise the 


‘ unit. Wide selection of scales and 
OF THE MULTI- ranges. Where thermocouple 
OLD Oll ie Ee SS POINT leads must be of different lengths, 


calibrating spools may be added. 
HIGH RESISTANCE INDICATING PYROMETERS iets 


Series #3-5-11-17-23 Position, less 
thermocouples and leads*, $95-$135. 
MODEL ISN 


sion, commercial sodium is not Series as above with reference setting. 
handled, stored or shipped under THERMOCOUPLE SWITCHES 
oil, U.S.1, ships sodium metal as for use with existing instruments. 


dry bricks, in steel drums, and : FREE— bulletin IN-1 available on re- 
cast solid in drums and tank cars quest 


Contrary to a common impres 


Sodium bricks are handled safely 





in air, In fact, bricks are molded in 


the open because sodium does not W F S T / y y, 
burn below 120°C —(M.P.97,.5°C) A VIDE MATIC F/ ; 


eta aaa CORPORATION 


J | ol ST Se . re oe. CHICAGO 
LP On YOUR SODIUM REACT) ants @001066 te: Sheen 
USI USTRIAL CHEMICALS CO. 


Division of National Distillers 
Products Corporation 








*For standard thermocouples and lead 
99 Park Avenue, New York 16, N. Y. wire, write for Pyrometer Accessory Cat- 


Branches in principal cities alog 
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Whatever your source of heat... 


LINDBERG HEAT TREATING FURNACES 
OFFER THESE EXCLUSIVE ADVANTAGES 


... IN THE GAS-FIRED FURNACE 


NEW LINDBERG VERTICAL RADIANT TUBE 


Because of its revolutionary design, this tube provides a 
new level of gas-fired furnace performance. The secret 
lies in the new Lindberg tube’s “dimples.”” The tube 
carries a central stream of mixed air-and-gas surrounded 
by a cylindrical stream of air alone. Combustion occurs 
in the area between these two streams. The “‘dimples” 
create eddies accelerating combustion and maintaining 
even temperatures along the entire tube. 

This Lindberg tube will operate at maximum efficiency 
for a longer period of time. The special protective coat- 
ing gives greatest possible resistance to carbon penetra- 
tion. Vertical position eliminates soot deposit and result- 
ant temperature increases at points of sooting. 

Tubes are 59 inches long, weigh only 29 pounds, 
changeable in a few minutes. No costly furnace shut- 
downs nor high labor and material cost for tube changes. 


: 


He 


... IN THE ELECTRIC FURNACE 


NEW LINDBERG CORRTHERM ELEMENT 


CORRTHERM, Lindberg’s radically advanced new electric 
heating element offers advantages never before available 
With this new element car- 
burizing and carbonitriding with electricity becomes 
practical,efficient and economical. Ideal, too, in other 
types of Lindberg electric furnaces 


for heat treating furnaces 


The outstanding feature of the Corr THERM element is the 
extremely low voltage at which it operates. Consequently, 
leakage through carbon saturation and shock or short 
hazards are eliminated. Elements also act as baffles to 
direct circulation of convection streams 

CORRTHERM elemenis are practically indestructible 
Work load or operator's charging tool can't hurt them 
Watts density is at all time low. Easily installed or replac- 
ed, too, as element merely hangs in furnace and no com- 
plicated mountings are required. 


Lindberg Field representatives in 21 cities are ready to show you how Lindberg furnaces with 


these reveivtionary raw elements can improve your heat treating process. You'll find your 
Lindberg representative's name in the classified section of the phone beok or write us direct 


LINDBERG "@ FURNACES 


LINDBERG ENGINEERING COMPANY 
2448 W. Hubbard Street © Chicago 12, Illinois 
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more Uyportamt 
NEW DEVELOPMENTS 


e —————E 


fylom 
THE. CHEMICAL 
CORPORATION 


Research Laboratory 


LUSTER-ON OLIVE DRAB N. D. 


A dark, hard, stable olive drab 
coating. Applied in about 15 
seconds at room temperature. 
Gives maximum corrosion pro- 
tection. Meets most rigid specifi- 
cations. Available in one pack- 


age. 
LUSTER-ON D 


A powdered product to produce 
@ bright clear conversion coat- 
ing on zine and cadmium. 


LUSTER-ON ACTIVATOR 


Designed for preparing a zinc 
alloy die casting prior to treat- 
ment in our Luster-On acid 
boths. Also serves as a mild 
cleaner. However, heavy soil 
must be handled by a pre- 
cleaner. 


LUSTER-ON NS 


The answer to “spotting out” 
troubles on thin copper and 
brass plate, especially under 
humid conditions. Improves ad- 
hesion, provides leveling action, 
saves lecquer, Eliminates finger- 
prints before assembly. 


LUSTER-ON ALUMINUM 
SEALER (222-M) 


Produces a chromate film on 
aluminum that provides excel- 
lent corrosion protection and 
can serve as a paint base. Now 
can be dyed in many attractive 
pastel colors. Meets require- 
ments of Government Spec. 
MIL-C-5541, 
> 


Ask for literature. Send o sample 
for tree laboratory treatment 


Luster On prod 
vets ore mony 
factured on the 
West Coast by 
Crown Chemical 
and Engineering 
Compony of Los 
Anaeles, Calif 
ond in the Do 
minion of Cana 
da by Alloycraft 
Limitedef Mont - 
real, Quebec 





THE 
CORPORATION 


70 WALTHAM AVENUE 
SPRINGFIELD, MASS. 
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Welding Rods . . . 


cannot be underestimated when 
considering weld soundness for pro 
duction fabrication. 

Macro studies revealed the degree 
of penetration, soundness and ex- 
tent of the refining effect of subse 
quent passes on previous deposits 

Rockwell “B” hardness surveys 
were made from base meta!, through 
the heat-affected zone to the weld 
including root, intermediate and 
cover passes. 

Micro-examination on unetched 
and etched specimens showed an 
acceptable and normal frequency 
of nonmetallic oxide inclusions. 

Impact tests were made using 
Charpy keyhole bars at 70 to ~100° 
F. These were compared with results 
“to be expected” in the appendix of 
specification 55 T. 

Advantages in speed of the new 
electrodes are shown in the table-on 
p 194, 

The iron powder coated electrode 
is here to stay. Rapid improvement 
has been noted ith the performance 
of electrodes produced by some 
manufacturers when compared to 
those initially offered for te sting just 
over a year ago. The user must be 
willing to get the facts himself by 
analyzing his own use and design 
Desirable features have been ob 
served in the laboratory for each of 
the iron powder coated electrodes 
It is hoped that these features can 
all be incorporated into one ele 
trode in the near future. 

rhe only police force assuring 
consistently high quality is the man 
ufacturer, Several reputable vendors 
admit that they check their prod 
ucts against specifications only onc 


a year 
Dan Wuirtt 


Reviewer's COMMENT It would 
appear that the use of an excess of 
iron powder in the electrode coating 
became popular in Italy primarily 
because the powder cost less pel 
pound than the wire! When the idea 
was tried in America, where the 
relative costs are just the opposite 
it was found that current densities 
could be largely increased with cor 
responding increases in the rate of 
deposition. This decreased the cost 
for welder’s labor the expensive 
item over here) much more than the 
premium which had to be paid for 


the metal powder 


YOUR BEST MOVE... MOVE 


with MERRILL 


MATERIAL 
HANDLING 
DEVICES 


uD 


LIFTING 
CLAMP 


DRUM LIFTER 
A 
KS 
oO 


DRUM TILTER 


<t 
HAND GRIP, 


J -_— 
Y - of 
my} 
~ 
— 


Lya 
we 


OPENER 


DRUM 








For Interesting Information write 


MERRILL BROTHERS 


56-31 Arnold Ave. Maspeth, N. Y. 





TIM 


Carbonitriding 
with Armour 
Ammonia 
is cleaner, safer, 
more economical 


than carburizing 
or liquid cyaniding! 


CLIP AND MAIL THIS TODAY! 


Reduces distortion, imparts resistance 
to rusting and corrosion, produces 
cases of outstanding uniformity! 


Please send me free booklets which | have checked 


“Ammonia Cylinder installations for Metal Treating” 


"The Role of Water Vapor and Ammonia in Case 
. Harden Atmospheres” 
Carbonitriding results in a minimum of distortion ew _ 
because it permits lower operating temperatures and 
less severe quenching. The increased hardness it pro 


duces offers greater resistance to rusting and cor 


Case Hardening of Steel by Nitriding” 

A Survey of industrial Carbonitriding Practice” 

investigation into the Carbonitriding of Plain Carbon Steel” 
rosion, and often permits substitution of plain carbon 


f 
for alloy steels LJ 


The Carbonitriding of Alloy Steels 


[ ] Tank truck service information 


Carbonitriding is readily adaptable to mass pro 
duction methods. Lower operating temperatures re 
duce furnace maintenance costs. Simplified washing ae 
and cleaning operations make working conditions 
cleaner and safet 

Our Technical Service Department is equipped to 
handle and answer any problems arising with am 
monia installations for metal treating. Send today 
for free booklets offered at right. I{ your problems 
are unusual or pressing, write, giving full details 


Firm 
Address 
City Zone Stole 
PI2 
Jf - . 2. *.#.@¢@ 


Armour and Company © 1355 West 3ist Stree © Chicago 9, iil, 


Peri mou Sp RN 
_ ee eee Save money on our tank 


truck delivery service! 
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the Mile Metal... LETH 


Lithium, like metallurgy, has come a long 
way. Once a laboratory curiosity, lithium 
is now the “catalyst of industry.”” Once the 
art of separating metals from their ores, 
metallurgy now embraces a whole new in- 
dustry devoted to the manufacture and 
treatment of the alloys of these metals. And 
now—-still another new field within a field— 
Lithium Metallurgy. 

Lithium Ingots are used in the degasifica- 


tion of copper. Lithium Cartridges are used 
in the refinement of high temperature copper, 
and in brass, bronze and nickel-silver cast- 
ings. Even the salts of lithium (Carbonate 
and Chloride, specifically) hold great promise 
for heat treating. 

Lithium metal and its compounds could 
hold the same hope for you. We will be happy 
to discuss it at your convenience. 


, lrends ahead 4 industrial applications lar lithium 


LITHIUM CORPORATION 
OF AMERICA, INC. 


A 2610 RAND TOWER 
MINNEAPOLIS 2, MINK. 


MINES: Keystone, Custer, Hill City, South Dakota + Bessemer City, North Carolina + Cat Lake, Manitoba + Amos Area, Quebec + ERANCH SALES OFFICES: New York 
Pittsburgh + Chicago « CHEMICAL PLANTS: St. Louis Park, Minnesota + Bessemer City, North Carolina + RESEARCH LABORATORY: St. Lowis Park, Minnesota 
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WHAT'S NEWS AT BRISTOL .e« «¢ 


‘ 


— 








——. 


Thyratron-operated relay gives you closer 
control with this Bristol temperature controller 


An extremely minute change in the measured NO DRIFT IN SET POINT with changes in ambient tem- 
quantity (less than 0.003 in. on the scale) is all it perature, line voltage, or tube characteristics 
takes to close or open the Thyratron-operated relay of EXTRA-WIDE SCALE for close, quick, easy reading 
Bristol Series 536 indicating Free-Vane® Electronic EASY INSTALLATION AND SERVICING with plug-in com- 
Pyrometer Controller: ponents. No routine adjustments needed 

This positive trigger control action makes it impo AVAILABLE AS THERMOCOUPLE and radiation pyro 
sible for the relay to flutter or chatter, thus reducing meters in ranges up to 4000F for L, H, LH, LOH 

ear on the relay. Other features of this extreme] ind LNH control, and for L and H with ps portional 
table, rugged and sensitive instrument include input 

MILLIVOLTMETER MECHANISM for greater accuracy with Write for Bulletin P1248. The Bristol Company 
a sensitivity of 15 ohms per millivolt 106 Bristol Road, Waterbury 20, Connecticut 


BRISTOL'S 
POINTS THE WAY IN 
HUMAN-ENGINEERED INSTRUMENTATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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EROM A NEEDLE. 
A TURBINE SHAFT 


. FASTER and BETTER 


WITH 


Lepel 
HIGH FREQUENCY | 


Gea 


HEATING UNITS 


The Lepel line of induction heating units represents the most advanced 
thought in the field of electronics as well as the most practical and 
efficient source of heat yet developed for industrial heating. With a 
background of half a century of electrical and metallurgical experience, 
the name Lepel has become the symbol for quality in induction 
heating equipment embodying the highest standards of engineering 
achievement, dependable low cost operation and safety. 


If you are interested in the application of induction heating you are 
invited to send samples of the work with specifications of the 
operations to be performed. Our engineers will process these samples 
and return the completed job with full data and recommendations 
without any cost or obligation. 





30 KW INDUCTION HEATING UNIT 


i oo gl net eee 100 KW INDUCTION HEATING UNIT 
KW; KW; KW; KW; KW; 
30 KW; 50 KW; 75 KW; 100 Kw. WRITE FOR THE NEW LEPEL CATALOG . . . 36 illus- 
trated pages packed with valuable information on high 
LEPEL Spark Gap Converters Wwequency indysiien heoting. 
2 KW; 4 KW; 7% KW; 15 KW; 30 Kw. 


LEPEL HIGH FREQUENCY LABORATORIES. INC. 


oSth STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y. 
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‘te find fast) 
washes SO ‘easily! > 


shin slays brig) 








CORPORATION 


... yOu can judge | a billet by its cover 


rare earths 


made the differen 


The two billets shown were produced by a prom- 
inent manufacturer of 410 stainless steel. Before rare 
earth additions, the billet on the left shows a coarse 
columnar structure, with frequent corner cracks. Heavy 
cogging was necessary to permit rolling with a mini- 
mum of hot tearing; after rolling a grinding loss from 
the edges incurred additional production time and 
expense. 

Consider the billet on the right, and the great 
improvement made by a small economical addition of 


MCA RareMeT Compound. The fine primary crystal 
pattern shown in the sectional view is taken from an 
unretouched, unmagnified photograph. This steel was 
rolled without intermittent heating cycles from ingot 
to billet, and frequently to final size, all with a mini- 
mum of hot tearing. 

MCA's RareMeT Compound is currently being used 
successfully in A.I.S.1. grades 309, 310, 316, 317, 
and other stainless steel by many progressive pro- 
ducers. Write today for further information. 


MOLYBDENUM 


Grant Building 


CORPORATION OF AMERICA 


Pittsburgh 19, Pa. 


Offices: Pittsburgh, Chicago, Detroit, Los Angeles, New York, Son Francisco 


Sales Representatives: Edgar |. Fink, Detroit, Brumiey-Donaldson Co., 


Subsidiary. Cleveland Tungsten, inc, Cleveland 
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Los Angeles, Son Francisco 


Washington, Pa. York, Pa. 





SODIUM 


metallic 


talk about 
reducing! 


—and you'll talk about Ethyl’s high purity sodium. 
Ethyl Corporation, working closely with organizations 
in the chemical and metallurgical fields, offers metallic 
sodium ideally suited in form and purity to the needs 
of those interested in reducing metal salts or in other 
reactions with organic and inorganic compounds, 

Available in tank cars, and cast solid in drums, 
Ethyl can furnish sodium specially filtered and handled 


under argon, out of contact with nitrogen or oxygen. 





Top physical properties of the refractory metals 
demand the finest sodium. Numerous chemical reac- 
tions may benefit greatly from the use of this high 
purity sodium. 

Phe Ethyl Research Laboratories have developed 
improved techniques for the analysis of sodium for 
oxides and other impurities. We would be happy to 
supply high purity sodium for your work and to give 


technical service on sodium analysis where desired. 


ETHYL 


ETHYL CORPORATION 
for industry 


100 PARK AVENUE, WEW YORK 17, H.Y 


ATLANTA, BATON ROUGE, CHICAGO, DALLAS, DAYTON, DENVER, DETROIT, HOUSTON 
KANSAS CITY, LOS ANGELES, NEW ORLEANS, PHILADELPHIA, PITTSBURGH, SALT LAKE CITY 
SAN FRANCISCO, SEATTLE, TULSA, MEXICO CITY AND (ETHYL ANTIKNOCK. LTD.) TORONTO 
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+o we 


Laboratory and Pilot Plant-Scale Development of Neu 
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Alloy steel, 1-20F (54) 


compositions 20F (54) 
forgings 65-751 55) 
hardenability bands 16-20F (54) 
Aluminum alloy castings, 50-64(55) 
applications 52-63(54) 
design of 56/55) 
distribution of properties 57-61(55) 
selection 50-64(55) 
tolerances 51(55) 
Aluminum alloys, 52-63(54); 50-64(55) 
applications 53-601 54) 
compositions 52(55) 
high-temperature properties 58-63(55) 


properties 
Atmospheres, 
carburizing 132,135,139,142(55) 
carburizing-decarburizing 
tendencies 
classification 
for brazing 
for hardening too! steel 154(55) 
for heat treating 149,150(55) 
for sintering iron-carbon parts 149(55) 


60-63(54); 56-59) 55) 


144(55) 
130B (54) 
150155) 


Brass coatings 104155) 
Bearings 95,96(54); 84-88(55) 
Bessemer process 154(54) 
Brazed joints 115-122( 54) 


Cadmium coatings 
Carbon control, 
equipment 
evaluation 
Carbon restoration 
Carhan ateel 


99155) 
141-150(55) 
145,146(55) 
146(55) 
148155) 
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Continuous casting 157(54) 

Copper alloys, 64-72(54) 

compositions 65 68 69/54) 

properties 64,69,70,71(54) 

' Copper coatings 104(55) 






Copper-Ni-Cr coatings 
Corrosion, 
galvanic , 
Corrosion resistance, 
of aluminum alloys 


101,102(55) 
57,67,76,84(54); 98/55) 
53,54,50(54) 


of copper alloys 67-721 54) 
of magnesiurn alloys 76154) 
of stainless steels $9,41(54); 37-40(55) 
of titanium alloys 83154) 
Cost of 
aluminum castings 55(55) 
carburizin 136(55) 
flame hardening 128-120(55) 
forming dies 17/55) 
gray iron castings 21,22(55) 


heat treating 
metal cleaning 
radiography 


128-130A(54) 
169-1731 55) 
186,188,190,191(55) 


springs 79(55) 
stainless steel 40/55) 
steel forgings 70/155) 
welding 167155) 
Creep testing 45154); 175-184(55) 
Cutting fluids 146/54) 
Cutting speed selection 148-1491 54) 
Cutting tools 23,142(54) 
Deep drawing 138154) 
Degreasing 131-134(51); 169-173(55) 


Design of 


aluminum castings 50-63(55) 


brazed joints 115-122(54) 
closed -die forgings 65-751 55) 
ferrous castings 100-1141 54) 
springs 76-81(55) 
Die materials for press forming. .12-20(55) 
a GED scouceces 25,28,29,33(54); 12-20(55) 
Electric furnace melting 155/54) 
Electrodes, welding ..... 158-168(55) 


See also Welding electrodes 
Electrolytic etching ... 160,172-174(54) 
Electrolytic polishing .. 169-172,174( 54) 


Electron microscope .. 174(54) 
Electroplated coatings 97-1051 55) 
porous for engine parts 93 (54) 


residual stresses in..... 94(55 
Engine metals >ée 91-96(54) 
Equilibrium data for gas 


carburizing 140-1431 55) 


Etching solutions 196/55) 
Extension springs 76(55) 
Extrusion, so . 130(54) 

of aluminum alloys 54.55/54) 

tools for 26/54) 
Extrusion forgings . 75155) 
Fatigue, terms defined 108/54) 


Fatigue properties 60 ,66,75,97-108( 54): 
59,61,72,79-81 94,117,120(55) 
high temperature . 44-46(54); 183155) 
Filler metals 116,117,122(54) 
Finish, surface roughness 82-88(55) 
Finishes for powdered meta! parts. . 153/54) 
Flame hardening, 124-131(55) 
equipment for . 125-1261 55) 
fuel gases ..... 124.1251 55) 
methods and procedures 124,130(55) 
Forging of 


aluminum alloys 54154) 
titanium 80,81(54) 
tool steels 151-153(55) 
Forgings, 65-75(55) 
cleaning 132(54) 
design 65-751 55) 
steel for 70,71,75(55) 
Formability of sheet stee! 1-11(55) 
Forming. See also Press forming 
of copper alloys 65(54) 
of titanium alloys 81(54) 


12-20( 55) 
132-143(55) 


Forming dies 
Gas carburizing 
See also Carburizing 
Grain size, effect on formability 8(55) 
Gray iron castings, 21-36(55) 
compositions 26,271 55) 


cost seneenes 21,22(55) 
design . 110(54) 
heat treatment 35/55) 
machinability 20(55) 
properties 24-28; 34-36(55) 
section sensitivity 23-281 55) 
H-steels 4-10,16-20F (54) 


Hard chromium coatings 
Hardenability bands 
Heat resistant alloy« 
Heat treating, 
agitation of quenching mediums. .126(54) 
carbonitriding 124-125/ 54) 
carburizing 132-143,149( 55) 


105/55) 
16-20F'( 54) 
42-481 54) 


cost 128-130A(54) 
flame 124-131(55) 
induction 107-132(55) 
Heat treatment of 

gray iron castings 3536155) 
powder metal parts 153154) 
steel 107-1501 55) 

carbon control in 144-150/55) 
tool steel 151-157(55) 


Helical springs ; 

High temperature properties, 
aluminum alloys 53154); 60-63/(55) 
high-temperature alloys 42-46(54):179(55) 


76-81 (55) 


titanium alloys 86154) 
Hot upset fergines 73155) 
Hot wound springs 81(55) 
Induction hardening, 107-121(55) 

case depth ‘ 118/55) 


equipment for 107,110-116(55) 
through hardening 120/55) 
Induction tempering 121-123/55) 


Inspection 190-163(54); 185-200(55) 
Machining of 
gray iron castings 29/55) 
powder meta! parts 151-153(54 
steel and cast iron 141-151(%4 
Macro-etching, 195-200/ 55) 
sample preparation 195/55) 
titaniurn ° seb 84 -05(54) 
Magnesium alloys, ; 72-791 54) 
designation system 74154) 
properties 75,77-70( 54) 
te weed particle inspection 160154) 
Malleabie iron castings 111-112(54) 


Metal cleaning, see Cleaning 


Metallography 164-177(54) 
of titanium alloys 4154) 
Nickel alloys 47,481 54) 
Nickel coatings 104(55) 
Nickel-chromium coatings 103(55) 
Ni-Cu-Ni-Cr coatings 103(55) 
Nodular iron, 49-52: 54) 
applications 52(54) 
properties 50-52(54) 
specifications 49(54) 
Nondestructive 
inspection 150-173(54); 185-194(55) 
Notch sensitivity 101154) 
Open hearth process 154154) 
Peening 107(54) 
Penetrant inspection 150154) 
Phase contrast metallography 165(54) 
Pistons, rings, pins 03,94,95,96(54) 
surface finish 64,85(55) 
Plastic die material 13-20( 55) 
Powder metal parts 151-153(64) 
Press forming 134-140( 54) 
Prestressing 108(54); 94(55) 
Quenching mediums, agitation 126/54) 
Radiography, 150154); 185-104(56) 
equipment for 185/65) 
inspection practices 191-194(55) 
Residual stresses, 68-06(55) 
in cast iron 33(55) 
in induction hardening 120/55) 
measurement , 95155) 
stress patterns .. 80155) 


Roughness measurement 
Rupture testing, 


84 85155) 
178,180( 55) 


notched specimens 181/55) 
Sheet metal parts, cleaning 131154) 
Sheet steel, 1-11(55) 

forming 14-140( 54) 
Shot peening 104-106(54) 
Springs, helical 76-81(55) 

design formulas 77(56) 


steels for 77-81(55) 


Stainless steel, 4-41(54 37-49(55) 
compositions 4.40154) 
corrosion resistance $7-41(56) 
corrosion testing 40/155) 
for acetic acid applications 42/55) 
for food industry 49155) 
for hydrochloric acid 43155) 
for industrial chemicals 42-47(56) 
for nitric acid 44(55) 
for pharmaceutical chemicals 47155) 
for pulp and paper industries 47(55) 
properties 5.41154) 

Stampings, steel selection 1-11(55) 

Steel, 

See also Stainless steel, Tool steel 
carbon and alloy 1-20F (54) 
castings 114-114(54) 
continuous casting of 157154) 
dies 13-20( 55) 


forgings 
heat treating 


70,71,75(55) 
124-1308 (54); 107-160(56) 


machining of 144 ~-151(54) 
melting of 154-158(54) 
springs 78(56) 
welding of 161 -162(56) 
Strain aging 8(55) 
Stress concentration 07 -103(54) 
Stress relief 03156) 
of gray iron castings 43155) 
of tool steel! 153165) 
Stress-rupture 43-45,51,53(54). 170/155) 
Surface finish, 62-88(56) 
effects 84/56) 
measurement 82156) 
on stampings 0(55) 


Vs. processing 66,87(56) 


Surface rolling 106/54) 
Surface working processes 104-108(54) 
Tempering of tool steel 156-197(66) 
Titanium alloys, 80-890(54) 
applications 85(54) 
fabrication 6O-82(54) 
properties 86-801 54) 


Tool failures 153 -197(66) 


Tool life 146150154) 
Tool steel, 21-33(54); 151-197/65) 
compositions 22154) 
heat treatment . 151 -197/656) 
selection 21-33(54); 14-20(66) 


Ultrasonic inspection 150154) 
Ultraviolet metallography 166154) 
Vacuum melting 158154) 
Wear of engine parts 01-06(54) 

of gray iron ¥)-32(65) 
Welding electrodes, 158-168(55) 


coatings 
deposition rate 
selection factors 
X-ray radiography 
See also Radiography 
Zine alloy dies 
Zine coatings 


162-164(55) 
165 -168( 56) 
150/55) 


165-194(56 


13-20(55) 
100155) 
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Alloy steel, 
compositions 
forgings 
hardenability bands 
Aluminum alloy castings, 
applications 
design of 
distribution of properties 
selection 
tolerances 
Aluminum alloys, 
applications 
compositions 
high-temperature properties 
properties 
Atmospheres, 
carburizing 132,135,139,142( 55) 
carburizing-decarburizing 

tendencies 
classification 
for brazing 
for hardening tool stee! 154(55) 
for heat treating 149,150(55) 
for sintering iron-carbon parts 149155) 

Brass coatings 104(55) 

Bearings 95,96(54); 84-88(55) 

Bessemer process 154(54) 

Brazed joints 115-1221 54) 

Cadmium coatings 99155) 

Carbon control, 141-150(55) 
equipment 145,146(55) 
evaluation 146(55) 

Carbon restoration 148155) 

Carbon steel, 1-20F (54) 
compositions 3(54) 
flame hardening 124-131(55) 
induction hardening 107-1231 55) 
properties 5154) 
selection 3-61 54) 
‘arbonitriding 124-1251 54) 
‘arburizing, 132-143, 149(55) 
atmospheres 132,135,139( 55) 
case depth 138/55) 
cost 128-1301 54) 
equipment 133(55) 
‘ast iron, 109-113(54); 21-36(55) 

See also Gray iron, Nodular iron 
flame hardening 131155) 
for engine parts 92-04(54); 27-32(55) 
machining of 141-151(54); 22,29(55) 

‘astings, ? 
aluminum alloy 56(54); 50-64(55) 
copper alloy 67-721 54) 
ferrous, design of 109-110(54) 
gray iron 21-361 55) 
nodular iron 49-521 54) 
stainless steel 39154); 38,41(55) 
‘hemical equipment, 
aluminum for 
stainless steel! for 
“‘hromium plating 93/154); 101,102(55) 
‘leaning, 131-134(54); 1609-173(55) 
costs 169-173(55) 
health hazards in 134154) 
of magnesium alloys 74(54) 
selection of methods 
‘obalt alloys 
‘old wound springs 
‘olor micrography 
‘ompression springs 

Continuous casting 

Copper alloys, 
compositions 
properties 

Copper coatings 

Copper-Ni-Cr coatings 

Corrosion, 
galvanic 

Corrosion resistance, 
of aluminum alloys 53,54,50(54) 
of copper alloys 67-721 54) 
of magnesium alloys 76154 
of stainless steels 54): 37-40(55) 
of titanium alloys 83154) 

Cost of 
aluminum castings 
carburizing 
flame hardening 
forming dies 
gray iron castings 
heat treating 
metal cleaning 
radiography 
springs 
stainless steel 
stee! forgings 
welding 

Creep testing 45154) 

Cutting fluids 

Cutting speed selection 

Cutting tools 

Deep drawing 

Degreasing 


1-20F (54) 


57-61(55) 
50-64(55) 

51/55) 
52-63(54); 50-64(55) 
53-60(54) 

52(55) 
58-63(55) 
60-63(54); 56-59(55) 


144/55) 
130B (54) 
150155) 


59154) 
37-49(55) 


64 ,69,70,71(54) 
104(55) 
101,102(55) 


57,67,76,84(54); 98155) 


55155) 

136(55) 
128-120(55) 
17(55) 

21.22/55) 
128-130A(54) 
169-1731 55) 

186, 188,190,191(55) 
79155) 
40(55) 
70(55) 
167(55) 
175-184(55) 
146/54) 
148-1491 54) 
23,142(54) 
1381 54) 


131-134(51); 169-173(55 


Design of 
aluminum castings . 
brazed joints 
closed-die forgings 
ferrous castings 109-1141 54) 
springs . 76-81(55) 
Die materials for press forming. .12-20(55) 
Die steels 2% ,28,29,33(54); 12-20(55) 
Electric furnace melting 155/54) 
Electrodes, welding ..... 158-168(55) 
See also Welding electrodes 
Electrolytic etching . 169,172-174(54) 
Electrolytic polishing 160-172,174( 54) 
Electron microscope 174154) 
Electropilated coatings 97-1051 55) 
porous for engine parts 93(54) 
residual stresses in... 94(55) 
Engine metals ee 91-06(54) 
Equilibrium data for gas 
carburizing 
Etching solutions 
Extension springs 
Extrusion, .... . 
of aluminum alloys 
tools for 
Extrusion forgings 
Fatigue, terms defined 108/54) 
Fatigue properties 60 ,66,75,97-108( 54); 
50,61,72,79-81 ,94,117,120(55) 
high vcemperature 44-46(54); 183/55) 
Filler metals 116,117,122(54) 
Finish, surface roughness 82-88(55) 
Finishes for powdered metal parts. 153/54) 
Fiame hardening, 124-131(55) 
equipment for 125-126(55) 
fuel gases .. > 124,125/55) 
methods and procedures 124,130(55) 
Forging of 
aluminum alloys . 54(54) 
titanium .... 600 80,811 54) 
tool steels 151-153(55) 
Forgings, ¢ 55) 
cleaning 2(54) 
design 55) 
steel for 70,71,75( 55) 
Formability of sheet stee! 1-11(5 
Forming. See also Press forming 
of copper alloys 65(! 
of titanium alloys B1i! 
Forming dies ; 12-20( 5f 
Gas carburizing 132-143 ( 5 
See also Carburizing 
Grain size, effect on formability 8(55) 
Gray tron castings, 21-361 55) 
compositions 2627155) 
cost 21,22(55) 
design 110( 54) 
heat treatment 35/55) 
machinability 29( 
properties 24-28: 34-361 55 
section sensitivity 23-251 5! 
H-steels 4-10,16-20F ( 
Hard chromium coatings 
Hardenability bands 
Heat resistant alloys 
Heat treating, 
agitation of quenching mediums. .126( 
carbonitriding 124-125(! 
carburizing 132-143,149(55) 
cost 128-130A(54) 
flame 124-131(55) 
induction 107-132(55) 
Heat treatment of 
gray iron castings 35,36(55) 
powder metal parts 153/54) 
steel 107-150(55) 
carbon control in 144-1501 55) 
tool steel : 151-157(55) 
Helical springs 76-81(55) 
High temperature properties, 
aluminum alloys 53/154); 60-63/(55) 
high-temperature alloys 42-46(54);179(55) 
titanium alloys 86154) 
Hot upset forgings 73(55) 
Hot wound springs 61/55) 
Induction hardening, 107-121(55) 
case depth 118/55) 
equipment for 107,110-116(55) 
through hardening 120/55) 
Induction tempering 121-123/55) 
Inspection 159-163(54); 185-200; 
Machining of 
gray tron castings , 29(55 
powder metal parts 151-153(! 
steel and cast iron 141-151¢ 
Macro-etching, 195-200( Sf 
sample preparation 195 
titanium BA-85/ 6 
Magnesium alloys, 72-791 
designation system 7315 
properties 75.77 -79% 
Magnetic particle inspection 160( 
Malleablie iron castings 111-2121 
Metal cleaning, see Cleaning 


50-63(55) 
115-122(54) 
65-75( 55) 


140-143(55) 
196/55) 
76(55) 
130154) 
54,551 54) 
26( 54) 
75155) 


42-48(5 


Metallography 
of titanium alloys 
Nickel alloys 
Nickel coatings ‘ 
Nickel-chromium coatings 
Ni-Cu-Ni-Cr coatings 
Nodular iron, 
applications 
properties 
specifications 
Nondestructive 
inspection 
Notch sensitivity 
Open hearth process 
Peening 
Penetrant inspection 150154) 
Phase contrast metallography 165/54) 
Pistons, rings, pins 93 ,94,95,06( 54) 
surface finish 84,85( 55) 
Plastic die material 13-20( 55) 
Powder metal parts 151-153(54) 
Press forming ... 134-1401 54) 
Prestressing 108154); 04(55) 
Quenching mediums, agitation 126(54) 
Radiography, 150154); 185-104(55) 
equipment for . 185165) 
inspection practices 191-194(55) 
Residual stresses, 88-96(55) 
in cast iron 33155) 
in induction hardening 120/155) 
measurement 05155) 
stress patterns 80155) 
Roughness measurement #485155) 
Rupture testing, 178,180(55) 
notched specimens 161155) 
Sheet metal parts, cleaning 131154) 
Sheet steel, 1-11(55) 
forming 134-1401 54) 
Shot peening 104-106(54) 
Springs, helical 76-61(55) 
design formulas 77(55) 
steels for 77-8155) 
Stainless steel, M4-41(54 37-49/(55) 
compositions 4.40154) 
corrosion resistance 17-41(55) 
corrosion testing 40(55) 
for acetic acid application 42(55) 
for food industry 40/55) 
for hydrochloric acid 43155) 
for industrial chemicals 47(55) 
for nitric acid 44(55) 
for pharmaceutical chemicals 47(55) 
for pulp and paper industries 47(55) 
properties 1541154) 
Stampings, steel selection 1-11(55) 
Steel, 

See also Stainless steel, Tool steel 
carbon and alloy 1-20F (54) 
castings 113-114(54) 
continuous casting of 197154) 
dies 13-201 56) 
forgings 70,71,75(56) 
heat treating 124-1308(54); 107-150(55) 
machining of 141-151(54) 
melting of 154-158(54) 
springs 78155) 
welding of 162(55) 

Strain aging 8(55) 
Stress concentration 7-103(54) 
Stress relief 03155) 
of gray iron castings 33( 65) 
of tool steel 153/55) 
Stress-rupture 43-45,51,53(54); 170(56) 
Surface finish, 82-88(55) 
effects 84156) 
measurement 82155) 
on stampings 0155) 
vs. processing 86,871 55) 
Surface rolling 106(54) 
Surface working processes 104-1081 54) 
Tempering of tool steel 156-157(55) 
Titanium alloys, 80-801 54) 
applications 85/04) 
fabrication 80-821 54) 
properties A6- BOA) 
Tool failures 153-197(55 
Tool life 145,150(54) 
Tool steel, : (4 151-157(55) 
compositions 22154) 
heat treatment 151-197(55) 
selection y (54); 13-20(66) 
Ultrasonic inspection 150154) 
Ultraviolet metallography 166/154) 
Vacuum melting 158154) 
Wear of engine parts 01 -06(54) 
of gray iron 10-32(55) 
Welding electrodes, 158-168(556) 
coatings 162-164(55) 
deposition rate 165- 168/55) 
selection factors 190155) 
X-ray radiography 185-104(55) 
See also Radiography 
Zine alloy dies 13-20( 55) 
Zine coatings 100155) 


164-177(54) 
(54) 
47,48(T4) 
104/55) 
103,55) 
103(55) 
49-52(54) 
52154) 
50-52( 54) 
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F-9 LABORATORY FURNACE 


The F-9 is the most versatile laboratory fur- 
nace available. It is the only furnace designed 
for interchangeable resistance and conduct- 
ing heaters. Sintering, crystal growing and 
annealing assemblies are also available as well 
as special assemblies to your specifications. 


OTHER OFEC HIGH VACUUM FURNACES 


Arc Melting 
Induction Melting 
Heat Treating and Annealing 
Vacuum Degossers 
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BERYLLIUM 


Beryllium—-What about its 
fabrication, its properties, its 
corrosion? What about bery!l- 
lium in its pure form? 





These and many other ques- 
tions are answered in this re- 
markable new book, “The 
Metal Beryllium”’. 


38 authorities are repre- 
sented in this volume, pub- 
lished as a result of a special 
symposium given at the-east 
A.S.M. mid-winter meeting in 
Boston, and sponsored in co- 
operation with the Atomic En- 
ergy Commission. D. W. 
White, Jr., and J. E. Burke of 
the Knolls Atomic Power Lab- 
oratory of General Electric 
edited the 38 chapters of the 
symposium, plus 15 additional 
papers covering certain as- 
pects of beryllium in greater 
detail. 


Contents include an intro 
duction, the importance of 
beryllium, occurrence of ores 
and their treatment, reduction 
to metal, processing and fab- 
rication, properties, the brit- 
tleness problem, metallogra- 
phy, corrosion, beryllium-rich 
alloys, cermets and ceramics, 
health hazards and analytical 
chemistry of beryllium. 


6x? Red Cloth 
700 pages 
$8.00 


AMERICAN SOCIETY 
FOR METALS 


7301 Euclid Avenue, 
CLEVELAND 3, OHIO 
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New: 


1715 AB ELECTRO POLISHER 
FOR METALLURGICAL SAMPLES 


New’ GREATER POWER 
0-S amps usable D.C. 


Nety BUILT IN RECTIFIER 
Requires only 110 V., 60 C., 1 Phase. 


Net \MPROVED CORROSION RESISTANCE 


Vitreous covered cell housing. 


New MODERN DESIGN 


Convenient separate units. 


New EXTRA VERSATILITY 
— Power source suitable for present and 
future AB cells, open beaker or other 
polishing or etching cells. 


New v's ALL NEW 
Except the dependable Buehler name and 
service and the “made in U.S.A.” quality. 
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Buchlr Ltd. METALLURGICAL APPARATUS 


2120 GREENWOOD STREET, EVANSTON, ILLINOIS 


DECEMBER 1955; PACE 209 





Will Vacuum Melted Metals do for YOUR 
Product What They do for Radar? 





A Vacuum Furnace will help you get the Answer 


Vacuum melting produces metals and alloys having unique 
properties of reproducibility, homogeneity, cleanliness, 
and ductility with impact and fatigue strength. Alert en 
gineers are upgrading their products and cutting costs by 
taking advantage of these properties 

For instance, Radar benefits from tubes made cf vacuum 
melted component parts. Improved machinability and re 
producibility assure precise electrode .dimensions and 
composition, which give more consistent tube character- 
istics. Greater thermal and electrical conductivity and 
elimination of “‘outgassing’’ increase tube life 

Would such metals make your product better? A vacuum 
furnace will enable you to develop materials especially 
suited to your needs. We have made and operated more 
high vacuum furnaces than any otber manufacturer in the 
world. Can we help you, too? Send coupon below today. NRC Model 2555 Vacuum Furnaces are now being used by 
aircraft companies, engine manufacturers, investment casters, 


specialty steel producers to speed up development of new moa 
terials that will meet ever more severe operating requirements 


NARESCO EQUIPMENT CORPORATION 
Subsidiary of NATIONAL RESEARCH CORPORATION 
Dept. | 12, Charlemont St. Newton Highlands 61, Moss 
SALES OFFICES: Please send me Model 2555 Dota Sheet NRC Vac 
Boston, Chicago, Cleveland, Hove your representative call 
Howston, Los Angeles, New York, N 
Palo Alto, Philadelphia; ome 
in Conada, Torontc, Arnprior 
Company 


Address 
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Lighe weight strong rugee ! weather 
proof and appealing to modern tastes 
furniture of Revere Aluminum made 

by leading manufacturers brings new 
satisfaction to outdoor and indoor living 
If you are a manufacturer of home or 
ofhce furniture, or accessories, you will 
find in Revere Aluminum Tube, Sheet 
Extruded Shapes the fine surface 
finish and superior working qualities that 


' Ho ‘ roducno d . 
1¢ flow Of production and give 


extra eye-appe al to your products 


If you are a manufacturer of anything 
that 1s made or could be made berter of 
aluminum, it will pay you to take ad- 
vantage of Revere exceptional experi 
ence in metals and Revere's Technical 
Advisory service. Revere Copper and 
Brass Incorporated, Founded by Paul 
Revere in 1801, Executive Ofhces, 230 
Park Avenue, New York 17, N. Y 


REVERE KNOWS ITS A-B-C’'S 


ALUMinun B Rass COPPer 

















BALTIMORE, Maryland 
Emil Gathmann, ir 
513 Park Avenue 


BUFFALO. New York 
Roy E. Lynd 
812 Tacoma Ave 


BIRMINGHAM, Alabama 
Ray F. Frings 
Harry G. Mowat 
1247 Amerioan Lite Bide 





extends to their business associates 


and many friends and patrons 


Best WISHES FOR 
A HAPPY AND PROSPEROUS 
New YEAR 


H. H. HARRIS, President 


Branch Offices and Re presentativ. 


CHICAGO, titinols 
General Alloys Company 
Edward T. Connolly 
224 6. Michigan Ave 


DETROIT 2. Michigan 
Geners! Alloys Company 
Don 6. Hutehins 
3-147 General Motors Bide 


MINNEAPOLIS 8. MINN 
Warren L. Eckland 
2828 Lyndale Ave. Seuth 


CLEVELAND 15, Obie FORT WAYNE &. Indiana 
£. €&. Whiteside Tae George 0. Desautels Co 
2254 Ewelid Ave P.O. Box 1176 
R.A. i4, No. Bend Drive 


LOUISVILLE Kentucky 
The George 0. Desautets Co 
4003 Hycliffe Avenue 


DENVER. Colorade HOUSTON 3 
Tracy ©. Jarrett win 
05 5S. Ammon St 304 


Texas 
E. Brice Co 
Bastrop St 


INDIANAPOLIS 8. Indiana 
The George 0. Desautels Co 
2303 N. Meridian Street 
P.O. Box 7011 


PHILADELPHIA, Pa 
john P. Clark Co 
124 8. Easton Road 
Glenside, Pa. 


PITTSBURGH (5. PA aT 
Vineent C. Leatherby 
0 Se. Main St 
harpsburg 1b, Pa 


LOUIS 16, Missouri 
Associated Steet Mills, Inc 
5163-65 Merganford Road 


THE GENERAL ALLOYS COMPANY 


MUNCIE. Indiana 
The George 0. Desautets ( 
P.O. Box 776 
1056 Wyser Block 


NEW ENGLAND 
David L. Ellis 
Woodland Road 
West Concord, Mass 


NEW YORK 7. New York 
General Alloys Co 
Altred M. Sampter 
50 Church Street 
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How 
forged weldiess 
| | tings 


fr ee this informative booklet on... 


“How forged weldless rings and flanges = 35. iandard Stee! Works Division 
BLH 


improve your product and cut your costs’ “9 S4t2win-tima-Hamuron 


When you consider a change in your product, you expect 
that change te make money for you or to save money for you 

It's quite possible that Standard Steel Forged Weldless 
Rings and Flanges will do both. 

rhey improve your product, thus making your sales task 
a little easier, and they cut your manufacturing costs. In 
many cases, first cost may be less than the component you 
now use, and always machining time is less. 

In checking through this detailed booklet, you'll be able 
to determine in five minutes or less whether they're worth 
investigating further. Send the coupon now. 


Dept. 8724, Standard Stee! Works Division 


Baldwin-Lima-Hamilton Corporation, Burnham, Pa 


Please send me Bulletin No. 10,000, “How Forged Weildlew 


Rings and Flanges improve Your Product and Cut Your Costs 








CUT DIE COSTS...WITH U 


If you are a user of steel dies for brass or aluminum 
die casting, you will be interested in the expert- 
ence of one of our customers—the Accurate Di 
Casting Co., Cleveland, Ohio 

Faced with the problem of die casting a brass 
piece (shown aboye) weighing almost two pounds, 
they consulted with their local Uddeholm repre- 
sentative, who recommended Uddeholm’s new, 
exclusive die steel UHB-X1. Placed on trial with 
dies made from a competitive steel, the UHB-X1 
dies lasted many times as long, and required 
no redressing ! 1! 

Furthermore, in spite of an injection temperature 
of 1800°F.. the uncooled UHB-X1 dies showed ab- 
solutely no sign of heat checking. These dies have 
a high hot hardness over an extended period of 
time, as well as uniform hardness throughout the 


cross sections 


DDEHOLM TOOL STEEL 


If you would be interested in further details on 
our UHB-X1, or any of our other quality tool 
steels for high or low temperature die casting 
please get in touch with us, and we will be happy to 


go over your requirements 


Complete assembly 
of marine engine 
control using 
above dic cast- 
ing courtesy 

the Morse 
instrument Co., 
Hudson Ohio 


UDDEHOLM COMPANY OF AMERICA, INC. 


Tool and Die Steels Offices and 
Specialty Strip Steels Warehouses 


——- - ——- District Representatives——-———--——_ 


New York: 155 East 44th Street, MUrray Hill 7-4575 
Cleveland: 4540 East 7ist Street, Dlamond 1-1110 
Los Angeles: 5037 Telegraph Road, ANgelus 2-512! 





CHICAGO. Frank |. Mackin, Leroy E. Marshall, 55 East Washington, STate 2.1649 


DETROIT Warren H. Nugent, 17304 Lahser Road, KEnwood 5.6340 
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In Canada: Uddeholm (Canada) Ltd 
35 Coronet Road, Toronto 18, BElmont 3-3235 








4s 


Illustration of typical 
outdoor installation of 
15,000 Gallon Ammonia 

Storage System. 


RED LION ROAD AND PHILMONT AVE 








a 


: 
—?* 


=m © 


Drever Company offers years of ex- 
perience in designing and installing 
unloading and storage facilities for 


handling anhydrous ammonia. 


Systems tailored to meet individual 


plant requirements. 


BETHAYRES 
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Not a Trace 


... Of RESIDUE, that is 
with NEW AHCO Burnishing Compounds 


Find out now how one or more of the new 
AHCO Burnishing Compounds can do that 
better job in your plating or finishing room. 


For full details about AHCO Burnishing Compounds 
write today for Bulletin B-10 , Apothecaries Hall Co. 
20 Benedict Street, Waterbury, Connecticut. 


® @¢e@98 ®@ 


— 





BETTER, MORE UNIFORM™ 
e 
HEAT TREATING 


YOUNG 
BROTHERS 
OVENS 


® Young Brothers Ovens for 
heat treating, the result of 
over a half century of expe- 
rience in this field, are built 
in batch and conveyor types 
with accurately controlled 
temperatures up to 950°. You 
can be sure of improved pro- 
duction and savings in time and material regardless of your 
process, when you install Young Brothers Ovens. Investigate the 
special advantages of Young Brothers Ovens and service NOW! 
NOW! 


Rapid Quench Heot Treating Oven 


Write for Bulletin 14-T today. 


YOUNG BROTHERS COMPANY 


Estab. 1896 1829 Columbus Rood Cleveland 13, Ohio 
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00000. 


ALUMINUM 
HOLDING 
FURNACES 


engineered and installed by 


carl mayer 


The three Aluminum Holding Furnaces in- 
stalled at Reynolds Metals, Inc., Arkadelphia, 
\ Ark., were engineered by Carl Mayer for 
greater production efficiency, maximum 
production economy. 
Each furnace is 10 {t.x 35 ft. x12 ft. with a capacity of 60,000 Ibs. 
of molten aluminum per charge. 
operating temperature is 1450°F. 


Write 


Fuel is natural gas. Approximate 


for our Bulletin No. HT-53. 


Over 30 years’ experience. 


-carl mayer- 


3030 EUCLID AVENUE * CLEVELAND 15, OHIO 


OTHER PRODUCTS: Core & Mold Ovens ® Red Bakers © Paint & Ceramic 
Drying Ovens © Special Pr t& Ac 





or ” 








KENTRALL Hordness Tester 


MAKES BOTH 
Superficial & 
Regular Tests 


Thoroughly proven in the field over the past two 
years, the KENTRALL makes all Superficial Rock- 
well tests (15, 30 and 45 kg. 
Regular Rockwell tests 

(60, 100 and 150 kg. 
loads). 

Want complete 


loads), as well as all 


infor- 


Write for Bul- 


mation? 
letin RS. 


Yhe 
Torsion 
Balance 


Ca mfian LY 


Main Office and Factory: 





Photo Courtesy of Electric Boat 
Div. of General Dynamics Corp 


WELDCO masts anb SPECIAL TUBING 
Chosen for Newest, Nuclear-Powered Submarine “SEAWOLF” 


For Uncle Sam's newest atomic- 
powered submarine, naval architects 
and builders selected WELDCO masts 
and special tubing. WELDCO products 


For dependability, long service life, 
and corrosion resistance, always specify 
WELDCO — your best buy in top-qual- 
ity tubing. It's available in Stainless 


were chosen because of their excellent 
fabricating qualities, and because they 
met the corrosion and heavy-duty re- 
quirements of this rugged application. 


Steel, Monel, Inconel, Nickel, Cupro- 
Nickel, and Hastelloy, in tube and pipe 
sizes from 3” to 30”, Schedules 5, 10, 
and 40. 


THE YOUNGSTOWN WELDING & ENGINEERING COMPANY 


3762 OAKWOOD AVE. . 


-WELDCO 


ne 


YOUNGSTOWN 9, OHIO 
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PERECO 
multi-tube 


FURNACE 


New! Specially built for 
FERROXCUBE 

: Corporation of America 

gives you: Fewer moving parts | 


irienc “s ves Close control of tem- 
Easier handling — Added efficien y 5 '¢ peratures to 2700° F. 


Ps oon small ferrite parts 
-Fin- 

te fi us Hydro 

Now Pangbor® § oe convenience 


4 Ferroxcube 
yurs With | 





like hundreds of other 
leading companies—looks to Pereco 
furnace needs 
Particularly when demanding maxi 
mum efficiency and close tempera 
1 ture control for lab 
ators now 


ies for their exacting 


‘ » e° pilot plant or 
: utes - 
in min small production work. With this 
antages- . “ 
van 4 [his 


special, fully self-contained (includ 

ing controls) Pereco Multiple Tube Furnace small ferrite parts can be 
» er 

nent and fewe 


4 simultaneously processed in each of the tubes to 2 maximum closely 
: : tan controlled temperature of 2700° F. Performance rds i ut 
means a lc | loading s F rma reco ned ypes 
, parts hing and in- of work prove the merit of putting Pereco’s long experience to work 
14 in 
moving i\ wash 
. < ing» 
, xes han 
sim plif 


for you 
s: ¢ has 
, The cabine 
hibitor application: more efficient 


WW , T. for Pereco recommendations on your furnece 
* om rete oday 
been redesign’ = ¢ advan 


requirements—whether standard or special 
temperatures 450° F. to $000° # 
dro- 


ages ™ PERENY EQUIPMENT CO. 

Finish 1¢e* Dept.Q 893 Chambers kd. 
nd finishing: F nish, send 

: further deta Wri ¢: PANGBORN 
For 


Wr agers Export Office: Bessemer Bidg., Pittsburgh 22, Pa 
for Bulletin 1403 ., Hage 
CorP., 1800 Pans 


jet slur} 
in suspension. 


keep the A 


for 


Columbus 12, Ohio 














buy and use 


CHRISTMAS 
SEALS 


yer tuberculosis 
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U2ZER 


Rey. U.S. Par. Off 


ne INDUSTRIAL Gas EQUIPMENT 


NO BLOWER OR uust connect To Gas suppcy 
OTHER POWER BUZZER Equipment, a buy-word 
NEEDED since 1911, provides the hottest 


and quickest heating without 


| 
jiamond abrasive blower or power Wide range of 


turn down and heat control. You 
can depend on a BUZZER 


assures Detter 
metalliographi 


specimens 


ale i DIAMOND 


... for dependable 


metallographic specimens, faster 


sion graded Elgin [ 
Oven Furnaces 
Send for complete 
BUZZER Catolog. 


/’, CHARLES A. HONES, Inc. 
ELGIN NATIONAL 25 WATCH COMPANY [MMMYQQ/7 126 50 oRAm0 ave, saiowin, «1» 


BURWERS FURNACES | Heat Treoting Melting, Soldering 








In the Sperry Electronic Tube Division of SPERRY 
RAND, Gainesville, Florida, a battery of 7 Sargeant & 
Wilbur furnaces perform faithfully and economically, 
aiding in the production of klystron tubes 


2 Five S&W Conveyor Furnaces with Representatives 
15” belts are used for silver and copper brazing of klystron tube 


wm. D. PRICE 
components, as well as for degassifying and oxidizing 


“ » Monroe, WN. ¢ 
Two S&W Pusher Furnaces are used primarily for brazing 
operations mM. C. SCHWER 


Detroit 


Complete Line of 
Elect:ic and Fuel Fired 
Heat Treating Equip- 
ment *« Furnaces * 
Generators 
Ammonia Dissociators 
Gas Conditioning 
Equipment 
Accessories 


Atmosphere is dissociated ammonia, produced from two 2,000 
CFH S&W Ammonia Dissociators 

Purging atmosphere is supplied by a 1500 CFH Forming Gas 
Generator. This atmosphere is dried by an automatic, activated 
alumina dryer 

Write today for literature —and state your problem. Our staff 
of engineers is ready to advise without obligation 


EOWIN A. Weert 
los Angeles 


GERALD 6. DUFF & CO 
Union, NJ 


wh. G. BARSTOW CO 
Minneapolis 


SARGEANT & WILBUR, INC. 186 Weeden S$t., Pawtucket, R.! 
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Complex 
shapes — 
Better alloys 
at lower cost 
with 
investment 
casting 


Complete Design Freedom can be yours 

with investment casting. Ferrous and 

non-ferrous alloys including magnesium 
are cast with great detail, intricacy of shape and 
to close dimensions. Substantial Reductions In Pro- 
duction Costs are possible by reducing machining 
operations to the minimum. 


@ Assembly costs are cut by combining two or 
more components into an integral casting 


@ Large and small quantity production (including prototypes) 
are cast economically 


@ Tooling costs are relatively low 


Arwood’s four plants have complete tooling facilities 
and government approved inspection equipment. 


If you use meta! in your business investigate the 
possibilities of investment casting . . . send for literature 
or call for con-iiiation. We weicome parts or prints 

” 


PRECISION CASTING CORP. 


73 WASHINGION STRFET + BROOKLYN i, N.Y. 
PLANTS: Brooklyn, N. ¥. * Groton, Conn. » Tilton, N. H. + Los Angeles, Calif. 
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Controlled Atmosphere Heat 
Treating at the lowest Unit Cos 


‘ 


Use this continuous production furnace without modifica 
tion for general and atmosphere work, including “Ni- 
Car>” ammonia-gas carburizing. Gentle tumbling action 
mixes the work and assures uniform heat treating 
Some of the many engineering improvements AGF Pio 
neers have made so that you can produce more pounds of 
work for every dollar invested in an AGF furnace are 
@ Automatic feeding to reduce handling cost 
@ Better control of processing atmosphere and 
temperature, 
Sizes in production capacities up to 800 pounds per hour 
Ask AGF metallurgical engineers to recommend proper 


equipment for you at no obligation. Representatives are 
located in principal cities 





Pioneers Since 1878 
Write for bulletin No. 870 








IT'S AN OPEN SECRET 


. « « That originality, creativeness, imagination, re- 
sourcefulness, versatility find expression and encour- 
agement at ADL... . That positions ARE NOW 
OPEN for men with university training and appro- 
priate experience ... . That if you want professional 
diversity, opportunity for responsibility in client re- 
lationships, you can find both at ADL... . That ADL 
is located in an area of the finest educational, cultural 
and recreational activities. 

inquiry will re 


indivi 


Your 
Chemistry and Physics—Pure and Applied 


ceive prompt 


Process Engineering desl attention 
Mechanical Analysis, Design and Development 


Metallurgy WRITE TO 


PERSONNEL DIRECTOR 
PROFESSIONAL STAFF 


DEPT. 22 


Electronics Research 
Petro-Chemical Technology 
Food and Flavor Research 
Biology 


Operations Researc’ 
” Arthur D. Little. Inc 
Established 1686 
28 Memorial Drive 
ee 


Industrial Economics end Management Services 
Regional Development 


Numerical Analysis and Data Processing 








Wyn, Wan Wir 








Extruded, Cast, Drawn, Welded and Machined 


s “4 
, v4 
| 


... Us all magnesium 


Make it with magnesium if it must be light in weight. Make « with 


magnesium if you want easier fabrication, too! 


In this ballistics control housing the advantages of magnesium are 
being utilized. Extruded, cast and drawn parts are welied into a com 
posite unit, then machined and painted. This is common practice 

magnesium provides these same plus values for many manufacturer 


who consider ita typical production metal 


Start your product on its way to better design—and production with 
magnesium. Complete engineering and fabrication facilities are avail 
able at Dow's Bay City Division as well as from other fabricators located 
throughout the country. THE DOW CHEMICAL COMPANY, Magnesium Sales 


Department MA 305F, Midland, Michigan. 


you can depend on DOW MAGNESIUM 
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ALUMINUM and MAGNESIUM 


homogenizing, solution treating, 
aging, billet heating, brazing, 


process annealing, finish annealing 


and other processing backed by... 


and many applications 


Don't gamble. Play safe. Discuss your aluminum, magnesium or other 


furnace problems with EF engineers. Our wide experience can save you 
time, lost production, material spoilage and other « x pense 

The views on this page show only a few of many installations we 
have made. Engineered specially for your individual requirement, an 
EF furnace assures the smooth, uninterrupted flow of material fully 
up to your capacity and physical specifications. Electrically heated, gas 
or oil fired radiant tube or direct fired types, whichever method of 
heating or type of furnace is best for your application and location 
Furnished complete with all necessary charging, discharging, quench- 
ing, special atmosphere and special handling facilities, chus enabling 
you to fix complete responsibility for delivery, installation and per 
formance of the entire system as a unit 


We are as close to you as your telephone 
Call EF engineers. You'll find it pays. 


THE ELECTRIC FURNACE CO. 


CAS FIRED OM FRED wD CLECTRNE Fenmacts S: 7 Ch .- 
10 ANT PROCESS. PRODUCT OF PRODUCTION - 
Conedion Associates @ CANEFCO LIMITED @ Torrente 1, Conede 
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Put life insurance 
on your forging dies! 


The most critical period in the life of a forging die 
is its first few hours of use. Longer life is assured if 
adequate and proper lubrication is available during 
the break-in period. 

Treat your dies with ‘Aquadag’* —‘dag’ Colloidal] 
Graphite in water — before they are used. This forms 
a microscopically thin and smooth film which assures 
necessary lubrication and reduces the need for opera- 
tional lubricants. Also, it protects the surface against 
corrosion during storage prior to use. One forging 
plant increased die life 90% merely by pretreating 
its steel forging dies with ‘Aquadag’. 

Superior forging lubricants, either water-base or 
oil-base, can be prepared by adding a dispersion of 
‘dag’ Colloidal Graphite to conventional die lubricants. 
‘dag’ dispersions provide better parting, improved 
lubricity, and greater heat resistance; they also re- 
duce lubricant costs, scrap losses, and die failure. 

Write today for Acheson's free literature on forg- 
ing lubricants. Ask for Bulletin No. 426-N1. 


Dispersions of molybdenum disulfide are available in various carriers. We are 
alse equipped te de custom dispersing of solids in a wide variety of carriers. 


ACHESON COLLOIDS COMPANY 
PORT HURON, MICHIGAN 
--- alse ACHESON COLLOIDS LIMITED, LONDON, ENGLAND 








Ub dad, uy. tila for 


trouble -fr0o Lubricalion 





